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GEOLOGY AND COAL RESOURCES OF BELMONT COUNTY, OHIO

By Henry L. BERrYHILL, JR.

ABSTRACT

Belmont County, located in the east-central part of Ohio on
the Ohio River, has long been a producer of high-grade bitumi-
nous coal, mostly from the well-known Pittsburgh bed. As a
part of a program to appraise the nation’s mineral resources, the
U.8. Geological Survey with the cooperation of the Ohio Geo-
logical Survey has evaluated the coal reserves of the county.
In addition to the investigation of coal, the stratigraphy was
studied in detail.

The exposed strata of Belmont County, which covers an area
of 535 square miles, were deposited during the Pennsylvanian
and Permian periods in an uninterrupted sequence with an
aggregate thickness of 1,100 feet. They consist of interbedded
sheets of sandstone, siltstone, mudstone, clay, limestone, and
coal, comprising the upper 350 feet of the Conemaugh formation
of Middle Pennsylvanian age (late Des Moines to middle
Missouri?), the Monongahela formation of Middle and Late
Pennsylvanian age (late Missouri and Virgil?), and the lower
470 feet of the Dunkard group, Washington and Greene forma-
tions undifferentiated, of Late Pennsylvanian and early Permian
age. Within these formations, 56 members and coal beds are
recognized and named.

Outcrops and subsurface data indicate that marine limestone
beds are the most extensive units in the Conemaugh formation.
Coal beds are the most extensive of the various strata that occur
in the Monongahela formation and in the lower part of the
Dunkard group. Sandstone and siltstone are more persistent
than other lithologic units in the upper part of the Dunkard
group.

The Conemaugh formation crops out only in the western and
eastern parts of the county, and it is characterized by thin,
lenticular coal beds, red beds, and thin limestone beds. The
Monongahela formation is more extensively exposed and con-
tains thick, persistent coal beds, few red beds, and thick units
of limestone. The Dunkard group, which crops out mainly in
the eastern half of the county, is similar in the lower part to the
Monongahela formation, but above the Washington coal bed it
resembles the Conemaugh formation.

The vertical repetition of lithologic types is an outstanding
feature of both the Pennsylvanian and Permian strata, which
can be grouped into a number of sedimentary cycles. Basically
the sedimentary cycle in Belmont County includes, in ascending
order, coal, clay and shale, sandstone, siltstone and mudstone,
limestone, and underclay, but because of facies changes the
make-up of the cycles varies and 6 types were recognized. Each
type is related either to a deltaic environment of deposition or
to a neritic or basin environment. Individual types differ
according to geographic position within one of these two environ-
ments. Shoreward, therefore, neritic-type cycles grade into
deltaic types. Vertical variance in the types of cycles at a given
locality are the result of many lateral shifts of the neritic and

deltaic environments during Pennsylvanian and Permian time.
Although some types of cycles are repeated many times vertically,
other types are restricted to a particular formation. Thus, cycles
in the lower part of the Conemaugh formation that are charac-
terized by a limestone containing a diversified marine fauna have
not been recognized higher in the section. Conditions necessary
for a thriving benthonic fauna apparently did not exist after
middle Conemaugh time.

Sediments deposited during Conemaugh and Monongehela
times probably came from several source areas, but the principal
source seems t0 have been to the north. During early Permian
time, however, the pattern of sedimentation changed and most
of the rocks above the Washington coal bed appear to be made up
of sediments that came from a source to the southeast.

The strata dip to the southeast at an average rate of 18 feet
per mile. Small local flexures cause slight variations in the dip,
which in a few places is as much as 60-70 feet per mile. In the
eastern part of the county, the dip is reversed around a small
dome-shaped structure that is known locally as the Jacobsburg
anticline.

The principal mineral resources of Belmont County are coal,
oil, and gas. Of these, coal is the most important economically.
The original reserves of coal in the seven thickest beds are
estimated to total 5,668 million tons. Included in the original
reserves is 884 million tons of coal mined out and lost in mining,
leaving estimated remaining reserves of 4,784 million tons as of
January 1, 1953. The Pittsburgh bed, which contains estimated
remaining reserves of 1,929 million tons of coal, is the most
important in terms of both reserves and quality. Produection of
oil and gas, which in the past has come principally from the Berea
sandstone of Mississippian age, has been small in recent years.

INTRODUCTION
PURPOSE OF THE STUDY

Belmont County has long been Ohio’s leading
producer of high-grade bituminous coal, mostly from
the well-known Pittsburgh bed. Its strategic location
in the upper Ohio River valley near the industrial heart
of the United States makes its large reserves of coal of
vital importance to the national economy. As a part
of a program to make an inventory of the nation’s
mineral resources, the U.S. Geological Survey with the
cooperation of the Ohio Geological Survey has evaluated
the coal reserves of the Pittsburgh bed, as well as other
less well-known coal beds in Belmont County. De-
tailed stratigraphic studies were also made of the coal-
bearing formations.
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Information on the coal reserves of the Pittsburgh
(No. 8) bed in Belmont County has been summarized
in a circular published by the U.S. Geological Survey
(Berryhill, 1955). Data on thickness and reserves of
the Pittsburgh bed in Belmont County, based on that
report, are included in a report on the Pittsburgh and
Redstone coal beds in Ohio published by the Ohio
Geological Survey (DeLong, 1955).

The present report describes the structure, stratig-
raphy, economic geology, and sedimentation of Belmont.

County.
PREPARATION OF THE REPORT

The field investigations preliminary to the prepara-
tion of this report were made during the summers of
1951-53. The coal beds and other readily recogniz-
able stratigraphic units were traced across the county,
and the elevations of these key beds were determined
at many outcrops by means of an aneroid barometer,
tape, or hand level. Outcrops of key beds, strip mines,
and openings to underground mines were plotted in
the field on aerial photographs (scale 1:20,000) and
on topographic maps. The writer measured 1,041 sec-
tions of coal beds at outcrops and in mines during the
field investigations, and in addition measured in detail
326 stratigraphic sections that were used to gain
adequate vertical control for the correlation of the
key beds.

The field data were transferred in the office to a
topographic base map of the county (scale 1:48,000).
This map was prepared by combining parts of the
Flushing, Woodfield, Clarington, St. Clairsville, Ohio,
and the Wheeling and Cameron, W. Va.-Ohio, 15-
minute quadrangle topographic maps. The formation
contacts and the lines of outcrop of the main coal beds
were plotted on this base map, from which the indi-
vidual coal bed maps were then prepared. Plates
showing diagrammadtic coal sections were also prepared
to supplement the coal bed maps. On the plates show-
ing the coal sections the diagrams are located by town-
ship, and the townships are arranged in their geographic
position within the county so that trendsin the character
of a coal bed across the county can be easily visualized.

Many figures containing graphic sections that show
the stratigraphic position and association of the vari-
ous strata have been included so that the stratigraphy
of the many relatively thin members and beds can be
more easily seen and understood.

ACKNOWLEDGMENTS

The writer wishes to express his appreciation for the
cooperation of the members of the Ohio Geological
Survey, particularly John H. Melvin, State Geologist,
William H. Smith, chief of the Coal Resources Section,
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PREVIOUS WORKERS

The first recorded study of the geology of Belmont
County was that of Andrews (1874). He gave local
names to some of the coal beds, but did not name
the strata between the coal beds. His report included
only the southern half of the county.

Stevenson (1878) made a study of the northern part
of Belmont County and tentatively correlated the coal
beds, which he designated by numbers, with coal beds
in Pennsylvania. Like Andrews, he did not name the
strata between the coal beds.

White (1891), in his report on the stratigraphy of
the bituminous coal field in Pennsylvania, Ohio, and
West Virginia, listed several stratigraphic sections
from eastern Ohio. He stated that the rocks above
the Waynesburg coal bed are Permian in age and that
they occur in Belmont County as well as in other
counties in eastern Ohio. Hé also correlated the coal
beds of the “Upper coal measures’” of Belmont County
with the coal beds of the ‘“Monongahela River series”
of Pennsylvania.

Condit (1912), in a report on the Conemaugh forma-
tion in Ohio, classified the strata below the Pittsburgh
coal bed in Belmont County as Conemaugh in age.

Stauffer and Schroyer (1920) made a study of the
“Dunkard series” in Ohio, and measured a number of
stratigraphic sections in Belmont County. Following
White’s original interpretation, they classified the
strata above the Waynesburg coal bed as Permian
in age, and, in addition, they subdivided the rocks of
Permian age into two formations which they correlated
with the Washington and Greene formations of
Pennsylvania.

Condit (1923) made a study of the economic geology
of the Summerfield and Woodsfield quadrangles,
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Ohio. This study included the southwestern quarter
of Belmont County.
White (1947) mapped the Waynesburg coal bed in
the northwestern and north-central parts of the county.
Stout (1953), in a report on the Monongahela series
in Ohio, listed a large number of stratigraphic sections
from Belmont County.

GEOGRAPHY

Belmont County is on the eastern edge of Ohio
midway between the northern and southern boundaries
of the State. It comprises an area of 535 square miles
distributed over 16 townships (fig. 1). The dimensions
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FIGURE 1.—Index map of Ohio showing the location of Belmont County and the area
of coal-bearing rocks.

of the county are roughly 24 miles from east to west
and 21 miles from north to south. This ~ounty, which
is almost rectangular in shape, is bounded on the east
by the Ohio River, which separates it from West
Virginia; on the west by Guernsey and Noble Counties;
on the north by Harrison and Jefferson Counties;
and on the south by Monroe County.

St. Clairsville, the county seat, is near the center
of the northeastern quarter of the county. By highway
it is 70 miles southwest of Pittsburgh, Pa.; 10 miles
west of Wheeling, W. Va.; 137 miles southeast of
Cleveland, which is the closest point on Lake Erie;
and 117 miles east of Columbus.

A network of Federal, State, and county highways
makes all parts of Belmont County accessible. TU.S.
Highways 40 and 250 and State Highways 7 and 8 are
the main roads. Rail service to most of the northern
half of Belmont County and to all of the eastern part
of the county along the Ohio River is provided by the
Baltimore and Ohio, Pennsylvania, and New York
Central and St. Louis Railroads (fig. 2). Coal is
shipped by barge to many cities on the Ohio River.

In 1950, Belmont County had 87,740 inhabitants.
The principal towns in the county in order of size are
Martins Ferry, Bellaire, Barnesville, Bridgeport, Shady-
side, and St. Clairsville.

The economy of Belmont County is based principally
on agriculture, coal mining, and manufacturing. Agri-
culture is the leading activity in terms of persons
engaged, but coal mining exceeds both manufacturing
and agriculture combined in terms of income from sales.

TOPOGRAPHY AND DRAINAGE

Belmont County is a part of the Appalachian Plateau
physiographic province (Fenneman, 1938, p. 279),
which is a broad dissected upland underlain by essen-
tially horizontal sedimentary rocks.

The surface of the county is hilly. Streams have
dissected the area so that, except for the uniformly
level ridge summits, most of its plateau surface is no
longer evident. The present surface consists chiefly of
broad, rounded ridges and intervening V-shaped valleys.
The valleys are deep and narrow along the Ohio River
and its main tributaries, but are shallower and broader
headward near the drainage divides.

The highest elevation is slightly more than 1,400
feet above sea level. Two hills rise to this level: one
is near the western edge of sec. 11, Goshen Township;
the other is Galloway Knob near the eastern edge of
sec. 29, Smith Township. The lowest elevation is at
the extreme southeastern corner of the county where
the Ohio River is 615 feet above sea level. Maximum
relief is about 800 feet. Along the Ohio River, the
ridge tops are as much as 680 feet above river level.
In the central one-third of the county, relief along the
main streams ranges from 530 feet on Captina Creek
to 360 feet on Wheeling Creek. West of the Flushing
escarpment (fig. 2), the relief along the larger streams
is about 300 feet.

Most of the higher ridges reach a rather uniform
altitude of about 1,260-1,300 feet. The uniform level
of the ridge crests is most apparent along the Flushing
escarpment, along the broad ridges that extend east-
ward from the escarpment to the Ohio River, and along
the ridge that extends northwestward from Barnesville
to Fairview, Guernsey County.
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FI1GURE 2.—Index map of Belmont County, Ohio, showing the location of main towns, streams, and railroads, and the maln dralnage divide,
the Flushing escarpment,

A drainage divide, the Flushing escarpment (Stout
and Lamb, 1939, p. 4-5), which trends slightly north-
eastward across the western one-fourth of the county,
is an outstanding physiographic feature of eastern Ohio
(fig. 2). This divide follows a sinuous course from
southwestern Columbiana County southward across
Carroll, Harrison, and Belmont Counties into north-
western Monroe County. It crosses Monroe County
in a southeastward direction and reaches the Ohio
River at a point near New Martinsville, W. Va. In
Belmont County this divide separates the drainage of
the area into two separate systems. The eastern sys-
tem, which is made up of Wheeling, McMahon, and
Captina Creeks and their tributaries, flows directly into
the Ohio River. The western system is made up of
Stillwater Creek and Wills Creek and their tributaries,
which flow westward and northwestward into the
Tuscarawas and Muskingum Rivers before entering
the Ohio River at Marietta.

A conspicuous feature of the drainage pattern of the
Ohio River in this area is the relatively short lengths
of its tributaries. From Marietta, Ohio, north to
Pittsburgh, Pa., a distance of approximately 100 miles,

not a single tributary of the Ohio River has been called
a river. Elsewhere, however, the Ohio River drainage
system includes several large rivers—the northern part
is made up of the Monongahela, Allegheny, Conemaugh,
and Youghioheny Rivers and their tributaries, and the
southern part includes the Kanawha, Kentucky, Wa-
bash, Cumberland, and Tennessee Rivers.

The well-developed tributaries in the northern and
southern parts of the present Ohio River drainage
system and the lack of well-developed tributaries
between Marietta, Ohio, and Pittsburgh, Pa., plus the
divergent orientation of the tributaries north and
south of New Martinsville, W. Va., led Leverett (1902,
p. 88-94) to the conclusion that the area now drained
by the Ohio River was, prior to the Pleistocene ice
age, two systems separated by an eastward-trending
drainage divide that crossed the present Ohio River
somewhere between Bellaire, Ohio, and New Martins-
ville, W. Va. The streams making up the northern
system, which included the streams of eastern Belmont
County, flowed to the Atlantic Ocean via the northern
Ohio, Allegheny, and St. Lawrence Rivers, and the
streams making up the southern system, which in-
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cluded the streams of western Belmont County, flowed
to the Gulf of Mexico via the southern Ohio and
Mississippi Rivers. The reversal in direction of flow
of the northern system occurred during a late stage
of the glacial period and was a result of damming by
glaciers and glacial debris. Being unable to flow north-
ward, the water ponded, eventually broke over a
col on the drainage divide near New Martinsville,
and flowed southward into the southern Ohio River
system. A large continuous supply of water from the
melting glaciers quickly cut a gorge through the narrow
col and drainage of the northern Ohio River system
was permanently incorporated with the southern
Ohio River system to form the present drainage pattern.

Stout and Lamb (1939) also discussed the effects of
the glacial period on the drainage of southeastern
Ohio. They believed that the Tuscarawas River
system, which includes the westward-flowing tributaries
draining Belmont County, flowed northwestward to
the Great Lakes area prior to the glacial period and
was, therefore, a part of the St. Lawrence River system.
The course of the Tuscarawas was subsequently
dammed by glaciers and its flow diverted southward
into the southern Ohio system.

Cutoff meanders and perched alluvial terraces in
places along Captina, McMahon, and Wheeling Creeks
indicate that the eastward-flowing drainage system
was once more mature than at the present time.
Stream loading occurred during the late glacial period.
Subsequent alteration of the drainage pattern, as
described above, caused a lowering of base level and
the streams became incised. The present relief is a
result of this rejuvenation.

STRUCTURE

The rocks in Belmont County form a gentle
monocline that dips to the southeast at an average rate
of 18 feet per mile. Locally, the dip increases to as
much as 70 feet per mile where small flexures cause
slight variations in the southeastward dip. (See pl. 4
which includes structure contours drawn on the base of
the Pittsburgh coal bed.) Two small dome-shaped
anticlines lie in the eastern part of the county, one in
eastern Richland Township at Claremont and the other
in northwestern Mead and eastern Smith Townships
near Jacobsburg. Several structural noses and ter-
races occur in the mapped area. The most prominent
structural noses are in southwestern Warren Township
near Barnesville and in the southeastern corner of
Wayne Township.

A narrow northeastward-trending syncline, whose po-
sition was plotted from mine maps of the Pittsburgh
coal bed, extends from west-central Pultney Township
to the northeastern part of Pease Township (pl. 4).

The width of the structure is reported to range from a
few hundred feet to about 1,000 feet, and the elevation
of the base of the coal bed across the syncline is reported
to vary as much as 40 feet in about 200 feet of lateral
distance. Locally the syncline is cut by a normal fault
along its western side, adjacent to the deepest part of
the trough. The beds on the west side of the fault have
moved up about 5 feet relative to those on the east side.
Mine operators report very little, if any, abnormal frac-
turing of the coal adjacent to the fault. The lower
bench of the Pittsburgh coal bed increases from an aver-
age thickness of about 60 inches to 84 inches or morein
a narrow belt along the central part of the syncline.
The thicker coal in the lower bench of the Pittsburgh
coal bed suggests that the trough may have been present
at least in an incipient stage during accumulation of the
plant debris.

In the north-central part of sec. 31, Union Township,
at the McConnaugh mine, a small graben is outlined
by faults in the Pittsburgh coal bed. The downfaulted
block is approximately 800 feet wide and is reported by
the mine owner to be bounded on the southeast and
northwest by northeast-trending faults. The elevation
of the base of the Pittsburgh coal bed at the portal of
the McConnaugh mine, which is located at the low
point, of the graben, is 960 feet. The elevation is 998
feet at points about 400 feet north of the portal and 500
feet east-southeast of the portal. The elevation of the
coal bed also increases northeastward along the center
of the graben, suggesting that the structure plunges to
the southwest. In the center of the graben, the total
thickness of the coal is more than 96 inches, which is
well above average for the area. Local faulting of the
Pittsburgh coal bed is also reported by mine operators
in other parts of the county.

STRATIGRAPHY
GENERAL FEATURES

The exposed strata of Belmont County were de-
posited during the Pennsylvanian and Permian periods.
They comprise, in ascending order, the Conemaugh and
Monongahela formations of Pennsylvanian age, and
the lower part of the Dunkard group, Washington and
Greene formations, undifferentiated, of Pennsylvanian
and Permian age. (See pl. 1.) In its type area along
Dunkard Creek in southwestern Pennsylvania, the
Dunkard group includes the Washington and Greene
formations. In Belmont County, Ohio, neither a lith-
ologic nor a faunal basis exists for subdividing Dunkard
strata. Furthermore, the Jollytown coal, basal unit of
the Greene formation in Pennsylvania, cannot be pos-
itively identified in Belmont County. Consequently,
Dunkard strata are referred to in this report as Dunkard
group, Washington and Greene formations undiffer-
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entiated. Group rather than formation is used because
of traditional usage of either group or series to designate
the Dunkard in the northern Appalachian basin and
also because of the proximity of Belmont County to
"the type area. Reasoning followed in redefining the
Dunkard of Belmont County is discussed in detail in
the section on Dunkard stratigraphy, pages 46-47.

The exposed rocks in Belmont County have a com-
bined thickness of about 1,100 feet, of which the
Conemaugh formation makes up approximately 360
feet, the Monongahela formation 230 to 265 feet, and
the Dunkard group approximately 470 feet. The lower
part of the Conemaugh formation is covered, and the
upper part of the Dunkard group has been removed
by erosion. The thickness of each of the three units
is remarkably uniform; thinning is slight and very
gradual. Drill-hole data indicate that the Conemaugh
formation thins toward the southwest at the rate of 2
to 3 feet per mile, the Monongahela formation thins
toward the northwest at the rate of 1 foot per mile,
and the Dunkard group thins toward the north at the
rate of 1 foot per mile.

The Conemaugh and Monongahela formations and
the Dunkard group have each been subdivided into
several members, many of which can be correlated with
members in other parts of the Appalachian basin.
Units that could not be readily correlated either have
been given new names or have been designated as
‘“undifferentiated’’ strata in this report. For some of
the members, the same geographic name has been used
for two members, for example, Redstone limestone
member, Redstone sandstone member. Such dupli-
cation of a single geggraphic name for two members
does not accord with the stratigraphic code of the
U.S. Geological Survey, but inasmuch as these dupli-
cated names have been widely used for more than 50
years, and also because 9 of them have been previously
adopted by the U.S. Geological Survey, retention of
the duplicated but well-established names is more
practical than replacing them with new ones. However,
in introducing new names for previously unnamed
units, no geographic names have been duplicated.
The stratigraphic units and their relations are shown
in the generalized columnar sections in plate 2. Most
of the clay beds beneath coal beds have not been
previously named in the Appalachian coal basin.
Following this precedent, these beds in Belmont
County are designated simply as ‘“underclays.”

All the formations are composed of relatively thin
layers of interbedded and intertongued sandstone,
siltstone, mudstone, clay, limestone, and coal. Most
of the beds of coal and their underclays and two of the
units of limestone are persistent throughout the county,
but the other units grade laterally into different types

of rocks. The distribution of sandstone, siltstone, and
limestone within each formation varies from one part
of the county to another. In the Conemaugh formation
sandstone and siltstone seem to be concentrated mainly
in the northern half of the county, but because of
insufficient drill-hole data for the.southern half where
the formation does not crop out, this conclusion is in
part conjectural. The sandstone and siltstone beds
of the Monongahela formation occur mainly in the
western part of the county, and those of the Dunkard
group chiefly in the southern part. The vertical
repetition of the various rock units in a rhythmic
pattern is characteristic of both the Pennsylvanian and
the Permian rocks and is a characteristic that is
modified laterally across the county by facies changes.

Most of these strata have been probably deposited in
either a fresh- or brackish-water environment. Several
thin units of limestone containing marine fossils are
interbedded with the nonmarine strata in the lower half
of the Conemaugh formation.

The formations differ in the number of coal beds and
red beds and in the ratio of sandstone, siltstone, and
shale to limestone. The Monongahela formation con-
tains several thick and persistent coal beds of com-
mercial quality, a large amount of limestone, but
virtually no red beds. The Conemaugh formation
contains no exposed coal but thin coal beds have been
recorded in drill holes. The Dunkard group contains
several thin lenticular coal beds but only one is thick
and persistent. Both the Conemaugh formation and
the Dunkard group contain red beds and in both forma-
tions the clastic rocks are predominant over limes’one.
The Dunkard group, however, contains more limestone
locally than the Conemaugh formation, especially in
the northeastern part of the county.

PENNSYLVANIAN ROCKS
CONEMAUGH FORMATION

HISTORY OF NAME

The name ‘“Conemaugh” was first used by Platt
(1875, p. 8) to designate the strata that occupy the
interval between the Upper Freeport and Pittsburgh
coal beds along the Conemaugh River in Pennsylvania.
In Ohio, however, the older ‘“Lower Productive,”
“Lower Barren,” “ Upper Productive,” ‘“ Upper Barren’
classification of Rogers (1839) was used for that part
of the “Coal Measures” above the ‘‘Conglomerate
Group” until Prosser (1901, p. 199) substituted the
formation names Pottsville (‘“Conglomerate Group”),
Allegheny (“Lower Productive’’), Conemaugh (* Lower
Barren””), Monongahela (“Upper Productive”), and
Dunkard (“Upper Barren’’). The name ‘‘ Conemaugh’
is in general use today throughout the Appalachian



STRATIGRAPHY 7

basin to designate the strata between the top of the
Upper Freeport coal bed and the base of the Pittsburgh
coal bed. The Conemaugh formation ranges in age
from late Middle to Late Pennsylvanian and includes
strata that are probably equivalent to strata of late
Des Moines, Missouri, and early Virgil age in the
Midcontinent region (Moore and others, 1944, chart 6).

DISTRIBUTION

The Conemaugh formation crops out mainly in the
westernmost and northeastern parts of Belmont County
but is largely concealed in all of the central and southern
parts. The largest area of outcrop is in western Flush-
ing and Kirkwood Townships, where approximately
the upper three-fourths of the formation is exposed.
In western Warren and western Somerset Townships,
less of the formation is exposed, and in the extreme
southwestern corner of the county only the upper 15 to
20 feet are exposed.

Near the northeastern corner of the county the upper
part of the Conemaugh formation crops out along the
valley slopes adjacent to the Ohio River. Outcrops of
the uppermost strata extend westward for several
miles along the valleys of Wheeling and McMahon
Creeks. South of east-central Pultney Township, the
Conemaugh formation is concealed except for a small
area along Captina Creek in secs. 21 and 27, York
Township, where the upper few feet lie above creek

level.
THICKNESS

The lower part of the Conemaugh formation is not
exposed in Belmont County. Approximately the upper
350 feet is exposed in the northwestern corner of the
county, and approximately the upper 200 feet is exposed
near the northeastern corner. The lower 70 feet of the
exposure near the northeastern corner is obscured in
part by weathering and in part by terrace deposits
along the Ohio River so that the maximum vertical
section exposed is about 130 feet. The formation is less
exposed toward the south and southeast because of the
regional dip; and in the southern and southeastern
parts of Belmont County, it is completely covered by
younger rocks. Drill holes penetrated 412 feet of the
Conemaugh formation in Union Township and approxi-
mately 468 feet near Wheeling, W. Va. The formation
is about 425 feet thick to the west in Guernsey County
(Condit, 1912), about 422 feet thick to the southwest
in Noble County, and from 473 to 505 feet thick to the
north in Jefferson County. Data on the thickness of
the Conemaugh formation in Monroe County are not
available.

GENERAL CHARACTER

The Conemaugh formation .consists of sandstone,
siltstone, mudstone, and small amounts of shale, clay,
and limestone. Coal beds have not been found in
outcrops of the Conemaugh in Belmont County, but
they have been reported in drill holes.

The sandstone members of the formation are lenticu-
lar. Crossbedding is common, and, because of an
abundance of mica, the sandstone beds tend to break
into flaggy and platy fragments along irregular bedding
planes. Locally the sandstone is massive and has an
undulatory base with thin lenses of conglomerate in a
few places. The sandstone beds are poorly sorted;
grain size ranges from fine to coarse but is predomi-
nantly fine to medium. The siltstone beds are generally
shaly, more evenly bedded than the sandstone. and
commonly grade laterally into sandstone.

Unweathered sandstone and siltstone beds are light
to medium gray, but weathered sandstone generally
is tan to rusty brown and weathered siltstone is olive
gray.

The sandstone and siltstone are similar in mineral-
ogic composition. Quartz is the most abundant
mineral, and the grains are clear, unetched, and vary
from angular to subrounded. Grains of feldspar,
muscovite, biotite, and chlorite are in most of these
rocks and make up approximately 5 to 10 percent of
the total mass. The interstitial material is made up
of very finely ground feldspar, mica, and clay minerals,
and this material, together with secondary quartz,
forms the cement. The sandstone is generally friable
on the weathered surface.

Both iron concretions, consisting principally of iron
oxide and clay ironstone nodules, occur locally in the
sandstone but are more common in the siltstone.
Calcareous nodules also occur in places in the siltstone.
Most of the nodules and concretions lie in either the
lower or the upper part of the sandstone and siltstone
members, but locally they may occur in both the lower
and the upper parts. There are some limy nodules
in the beds of mudstone.

The mudstone beds of the Conemaugh formation in
Belmont County are variable in thickness and locally
grade into either shale, siltstone, or limestone. The
term “mudstone” is used in this report to designate
virtually nonbedded rocks composed principally of

‘clay-sized particles but containing, in addition, various

amounts of silt-sized particles and nonclay minerals.
The color of the mudstone is predominantly grayish
red, but greenish-gray bands and blotches are common.
The red and green colors are imparted to the mudstone
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by iron compounds, and the variegation in color
occurs because some of the iron compounds have been
oxidized but some have been reduced chemically.

Both marine and nonmarine limestone beds are found
in the Conemaugh formation in Belmont County. The
marine limestone, which occurs only in the lower part
of the formation, contains a diversified fauna including
brachiopods, crinoids, bryozoa, pelecypods, gastropods,
and corals. The nonmarine limestone contains a rela-
tively nondiversified and diminutive fauna consisting
mainly of forms such as ostracodes, Spirorbis, pelecy-
pods, gastropods, and fish remains. The limestone beds
are the best stratigraphic markers in the Conemaugh
formation in Belmont County because of their greater
lateral persistence. On a regional basis the marine
limestone beds are the more persistent.

Clay, containing carbonaceous material in many
places, occurs in layers generally a foot or less in thick-
ness. These layers commonly overlie the nonmarine
limestone beds and underlie the marine limestone, but
locally clay is absent.

The geographic distribution of the types of rock
making up the Conemaugh formation varies from north
to south across Belmont County. In the northern part
the strata contain considerable sandstone, but in the
west-central and southwestern parts, the strata con-
sist largely of siltstone, shale, and mudstone. Red beds
seem to be more numerous in the western part of the

county.
DESCRIPTION OF MEMBERS

Condit (1912, p. 20) divided the Conemaugh forma-
tion in Ohio into 23 members. Exposures in Belmont
County are generally poor, however, and identification
and correlation of some of the named members is diffi-
cult. The following members, as recognized by Condit
(1912), are present in the county: Upper Pittsburgh
limestone, Bellaire sandstone, Lower Pittsburgh lime-
stone, Connellsville sandstone, Morgantown sandstone,
Ames limestone, Portersville limestone, Anderson coal
bed, and Cambridge limestone.

The stratigraphic positions of these members and of
the undifferentiated strata are shown in the generalized
section for the Conemaugh formation in plate 2.

With the exception of a few of the uppermost mem-
bers, correlation within the formation from one part of
the county to the other is uncertain because of the
scarcity and poor condition of the outcrops. The mem-
bers of the formation, therefore, are described separately
for the two areas of outcrop, under the headings
“Western Belmont County” and ‘“Eastern Belmont
County.”

WESTERN BELMONT COUNTY

CAMBRIDGE LIMESTONE MEMBER

The Cambridge limestone was named by Andrews
(1874, p. 262) for exposures at Cambridge in Guernsey
County, where it lies 138 feet above the base of the
Conemaugh formation. This unit, now considered
a member of the Conemaugh, is the oldest exposed
member in Belmont County that can be correlated
with Condit’s section (1912, p. 183). It crops out
only near the northwestern corner of the county.
(See pl. 1.) The best outcrop is in the east road bank
a short distance northeast of the Piedmont Lake
concession house (west edge of the NWY sec. 33 W.,
Flushing Township) about 23 feet above the surface
of the lake. Here the member consists of about 5
feet of weathered yellowish-gray clay and nodular
dusky-yellow to dull black highly ferruginous lime-
stone. The Cambridge limestone member is 130 feet
below the Ames limestone member at this locality.
The following detailed section measured in the road
bank just northeast of the concession house shows the
character of the Cambridge and its relation to associated
strata.

Conemaugh formation: Thickness

Undifferentiated strata: Ft. In.
Siltstone, shaly to poorly bedded and
nodular, dusky-yellow_______________ 5 0
Mudstone, shaly, variegated grayish-red
to dusky-yellow_ . __________________ 2 5

Cambridge limestone member:

Limestone, shaly to nodular, silty; partly
conglomeratic; interbedded with yellow-
ish-gray clay; contains crinoid stems,
brachiopods, and horn corals; weathers
torubble___ _______________________

Limestone, nodular; contains dull black
iron concretions; yielded brachiopods
(Spirifer sp. or Neospirifer sp.(?) and
Chonetes sp.) and one pelecypod;
weathers to rusty-brown rubble_______

Wilgus coal bed of Condit (1912)?:

Sandstone, laminated, fine-grained, sug-
ary; contains shrinkage cracks and ecar-
bonized plant remains__ ___________ _ 4

Clay, light-gray; weathers distinctive
white; contains carbonaceous streaks___ 4

Buffalo sandstone member of Condit (1912)?:

Siltstone, shaly, micaceous; nodular

fracture; iron oxide encrusts upper 3 ft_
Level of Piedmont Lake. -

1 10

23 0

The weathered condition of the fossils at this outcrop
made specific identification of individual fossils impos-
sible, but crinoid stems, Spirifer sp. or Neospirifer
sp.(?), Chonetes sp., one pelecypod, and one coral were
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found. The coral and crinoid remains seemed to be
limited to the upper part of the limestone. Mark (1912
wn Condit, p. 296) states that Chonetes verneuilanus
Norwood and Pratten and Productus longispinus
Sowerby are characteristic fossils found in the Cam-
bridge limestone member in eastern Ohio.

ANDERSON COAL BED

The Anderson coal bed was named by Andrews
(1874, p. 639) for exposures at the Anderson mine
near Lore City in Guernsey County, where the coal lies
12 feet above the Cambridge limestone member.

Overlying the Cambridge in the section exposed near
the Piedmont Lake concession house in sec. 33 W.,
Flushing Township, is a sequence of undifferentiated
strata consisting of grayish-red mudstone, shaly silt-
stone, and olive-gray calcareous mudstone, totaling
14 feet in thickness. At the top of this sequence is
a layer of clay, 1 foot thick, containing traces of car-
bonaceous material (pl. 34, section 1). This clay
probably is the lateral correlative of the Anderson
coal bed.

PORTERSVILLE LIMESTONE MEMBER OF CONDIT

Condit (1912, p. 41) named the Portersville lime-
stone member for its outcrops near Portersville, Perry
County, where it lies 3 feet above the Anderson coal bed.

Directly above the clay that marks the position of
the Anderson coal bed is a ferruginous coquina of di-
minutive brachiopods, gastropods, and bryozosa, 1 inch
thick. This coquina probably is the lateral correlative
of the Portersville. Its stratigraphic position is shown
in section 1 of plate 34.

UNDIFFERENTIATED STRATA OVERLYING THE PORTERSVILLE LIME-
STONE MEMBER AND UNDERLYING THE AMES LIMESTONE
MEMBER
The strata described in the following paragraphs in-

clude beds that are probably equivalent to the Cowrun

sandstone member, Barton coal bed, Ewing limestone
member, Saltsburg sandstone member, and ‘“Round

Knob horizon” (Pittsburgh red beds) of other areas.
The Portersville limestone member is overlain by

115 feet of siltstone and mudstone along the road to

the Piedmont Lake concession house in sec. 33 W.,

Flushing Township (pl. 34, section 1). At this locality

the basal 105 feet of the section is a monotonous se-

quence of shaly siltstone containing some flaggy to
massive layers, and the upper 10 feet is grayish-red
mudstone. Interbedded with the siltstone are two
thin bands of reddish-brown shale, 62 and 82 feet re-
spectively above the Portersville limestone. Although
the rocks in this sequence are poorly exposed in most
places, the siltstone that crops out in sec. 33 W,
Flushing Township, appears to be typical. The lower

30-40 feet of this siltstone may be equivalent to the
Cowrun sandstone member of Condit (1912, p. 39).

The reddish mudstone just beneath the Ames lime-
stone member is a persistent unit, 10 to 15 feet thick
at most places, and may be the ‘“Round Knob horizon”
(Pittsburgh red beds) of Condit (1912, p. 35).

Along the road southwest of Golda in sec. 19 W,
Flushing Township, however, approximately the upper
66 feet of this undifferentiated interval consists of
massive, coarse-grained sandstone, the top lying ap-
proximately 180 feet below the Pittsburgh coal bed
(pl. 34, section 2). The massive sandstone apparently
fills a channel that has been cut into the underlying
shaly siltstone. What seems to be the basal part of
the same tongue of sandstone forms massive outcrops
to the east along the eastern edge of Piedmont Lake.
This sandstone was not identified at any other outcrops,
but its stratigraphic position indicates that it is possibly
the Saltsburg sandstone member, which Condit says
is massive at places in Noble, Harrison, and Jefferson
Counties. In these adjacent counties, it is locally a
conglomeratic sandstone that fills a channel cut through
the underlying Barton coal bed and the Ewing limestone
member.

Elsewhere in Ohio, according to Condit (1912, p.
37-39), the Barton coal bed and the Ewing limestone
member are about 40 feet below the Ames limestone
member. In Belmont County, however, these beds are
absent. The relative stratigraphic positions of the
strata between the Ames and Portersville limestone
members are shown in plate 2.

AMES LIMESTONE MEMBER

The Ames limestone was named by Andrews (1874,
p. 235, 271, 296) for exposures in Ames Township,
Athens County. This unit, now considered a limestone
member, is the most important stratigraphic marker
bed in the Conemaugh formation, not only in Ohio
but in adjacent States as well. A probable lateral
equivalent, the Ames shale, has been recognized as far
east as the basin of Georges Creek in Maryland. The
approximate line of outcrop of the member is shown on
plate 1.

The Ames limestone member, which in Belmont
County ranges in thickness from a few inches to 2%
feet, crops out in the northwestern part of the county
from sec. 35, Kirkwood Township, to sec. 9, Flushing
Township. Because of weathering, exposures of the
Ames are generally poor and commonly consist only of
boulders of limestone. It is apparently absent in sec.
19 W., Flushing Township (pl. 34, section 2).

An outcrop of typical Ames member is found in the
east road bank just north of the stream in south-central
sec. 35, Kirkwood Township (pl. 34, section 3). At
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this locality, several small- to medium-sized, weathered
limestone boulders are in a mass of grayish-red mud-
stone. The limestone is coarsely crystalline, grayish
yellow green on a fresh surface, and highly fossiliferous.
Beneath the boulders of limestone is a layer of light-
gray clay, 1 foot thick, which probably is the lateral
equivalent of a coal bed. Elsewhere in Ohio and in
adjacent States the Harlem coal bed underlies the Ames,
but no coal was seen beneath the limestone in Belmont
County.

A fresh exposure of the Ames limestone member is in
a road cut along State Highway 311 in the NWY sec.
9, Flushing Township, about 400 feet northwest of the
highway bridge across Boggs Run (pl. 34, section 7).
At this locality it consists of a single bed 1% feet thick.
Along the road cut the limestone grades into calcareous
sandstone, but it is easily identified by the abundance
of marine fossils. Northwestward into Harrison County
along State Highway 311, the Ames is exposed at a few
places in weathered outerops and ranges from 10 inches
to 2% feet in thickness. The Ames is the youngest
marine limestone recognized in Belmont County.

In sec. 35, Kirkwood Township, the interval between
the Ames limestone member and Pittsburgh coal bed
is 178 feet, and in sec. 9, Flushing Township, the inter-
val is 172 feet. The average interval between these
two units in the western part of the county is about
175 feet. In a cored well at Glenova, W. Va., just
east of Belmont County, the Ames was penetrated at a
depth of 93 feet or 198 feet below the Pittsburgh coal
bed (Condit, 1912, p. 17-18).

rinoid stems, Spirifer sp. or Neospirifer sp.(?), and
Chonetes sp., are abundant in the Ames member in
Belmont County. Condit (1912, p. 29) states that 87
species have been identified from the Ames in Ohio.

UNDIFFERENTIATED STRATA OVERLYING THE AMES LIMESTONE
MEMBER AND UNDERLYING THE MORGANTOWN SANDSTONE
MEMBER

The strata between the Ames limestone member and
the Morgantown sandstone member have a total thick-
ness of approximately 50 to 60 feet and are probably
equivalent in part to the Birmingham shale member,
Duquesne coal bed, and Skelley limestone members of
other areas. The lower 30 to 40 feet consists of inter-
bedded mudstone and sandstone, and the upper 10 to
20 feet consists of interbedded layers of reddish mud-
stone, thin beds of gray clay from 1 to 2 inches thick,
~and layers of lenticular shaly siltstone. The upper
parts of most of the reddish mudstone layers are cal-
careous and contain nodules of impure limestone. The
beds of clay that overlie the red mudstone sometimes
contain carbonaceous material, which is probably the

lateral equivalent of coal. Weathering generally ob.
scures this part of the formation, but red soils are com-
mon where it is present.

In the SWY sec. 17, Kirkwood Township, a conglom-
eratic limestone overlies the rocks described above (pl.
3A, section 4). The stratigraphic position of this lime-
stone suggests that it may be the Skelley limestone of
Condit (1912, p. 27) but, as it was not seen elsewhere
in western Belmont County, this correlation is con-
jectural. A thin coal bed containing several partings
is exposed at approximately the same stratigraphic
position in the NW¥% sec. 3, Londonderry Township,
Guernsey County (pl. 34, section 1), This may be the
equivalent of the Duquesne coal (Condit, 1912, p. 27).
The coal was not seen in other outcrops, and its identity
could not be positively determined. Condit (1912, p.
27-29) states that, in addition to the Skelley limestone
and the Duquesne coal bed, the Birmingham occurs in
the interval between the Ames limestone and Morgan-
town sandstone members elsewhere in Ohio, at a
stratigraphic position that is just above the Skelley
limestone. The shale seems to be missing in Belmont
County, its position being occupied by the interbedded
reddish mudstone, nodular limestone, gray clay, and
siltstone. These strata are plotted in section 1, plate
3A, and also in the generalized section of the Conemaugh
formation in plate 2.

MORGANTOWN SANDSTONE MEMBER

Stevenson (1876, p. 78) named the Morgantown
sandstone for exposures at Morgantown, W. Va., where
it occurs from 25 to 38 feet above the Ames limestone
member and is 30 to 70 feet thick. The Morgantown is
now considered a member of the Conemaugh formation.

In western Belmont County the sandstone that lies
about 50 feet above the Ames probably is equivalent to
the Morgantown member.

This sandstone ranges in thickness from a few inches
to approximately 50 feet. It is lenticular and grades
laterally into finer grained rocks. (See pl. 34.) In the
railroad and highway cuts on the north side of Trail
Run, southeast and northwest of Holloway, in secs. 33
E., 3, and 9, Flushing Township (pl. 34, sections 6 and
7), the sandstone is massive, crosshedded, and locally
contains thin lenses of conglomerate near the base.
Southwestward, however, the sandstone loses its mas-
sive character. Mudstone occurs at its stratigraphic
position in the SW¥ sec. 17, Kirkwood Township, and
shaly siltstone in the south-central part of sec. 35,
Kirkwood Township. The member is shaly and about
10 to 15 feet thick just west of the Belmont-Guernsey
County boundary (pl. 34, section 1).
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is in the western part, ranging from a few inches to
several feet in thickness.

At most places in eastern Belmont County the Lower
Pittsburgh consists of nodules of impure limestone
embedded in clay. In the quarry of the Standard Brick
Co., in sec. 12, Pultney Township, the member consists
of a single lenticular nodular bed, averaging 1 foot in
thickness. To the north in sec. 21, Pease Township,
‘however, the member consists of about 6 feet of clay
and mudstone containing silty limestone nodules (pl. 3B
(top), section 4). The impure limestone nodules and
mudstone near the top of the railroad cut at Barton,
sec. 24, Colerain Township (pl. 3B (bottom), section 4),
also are believed to be equivalent to the Lower Pitts-
burgh limestone member. The member forms an
angular ledge of limestone 2 feet thick above the north
end of the Baltimore and Ohio Railroad tunnel in
sec. 23 E., Richland Township (pl. 3B (bottom),
section 3). The following stratigraphic section meas-
ured in the road bank near the west end of the bridge
across Wheeling Creek in the NWY sec. 36, Colerain
Township, shows the general character of the Lower
Pittsburgh limestone member in eastern Belmont
County, but its thickness at this locality is greater than
average for the area.

Monongahela formation:

Pittsburgh coal bed (small mine nearby). 71;’;’:""”""[;_
Conemaugh formation:
Covered interval ._________________________ 36 0
Siltstone, olive-gray, shaly; top covered______ 3 0+
Lower Pittsburgh limestone member:
Limestone, silty_ .. _________._______ 2 0
Mudstone, shaly______________________ 6
Limestone, nodular_ . _________________ 1 2
Mudstone, silty; contains large limestone
nodules________________________.____ 6 0+
Road level.

A weathered ledge 1 foot thick, probably equivalent
to the Lower Pittsburgh member, occurs in the railroad
cut just north of the above section.

At most localities, as in western Belmont County,
the Lower Pittsburgh is overlain by a thin carbonaceous
clay, which is in the same stratigraphic position as the
Lower Pittsburgh coal bed of West Virginia and
Pennsylvania.

BELLAIRE SANDSTONE MEMBER

From its type area along McMahon Creek west of
Bellaire, Ohio, northward to sec. 19, Pease Township,
the Bellaire sandstone member is a massive, coarse-
grained unit whose thickness ranges from 10 to 20 feet
(pl. 3B), but in the northern part of Pease Township
and west of Pease Township the member consists of
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fine-grained thin-bedded sandstone, some interbedded
siltstone, and a few lenticular beds of impure limestone
(pl. 3B). The upper part of the massive deltaic sand-
stone that crops out along Wheeling Creek at Blaine
(sec. 15, Pease Township) is equivalent in age to the
Bellaire.

In most places in Pultney and Pease Townships, the
basal part of the Bellaire member is made up of fine-
grained thin-bedded sandstone and siltstone, which
ranges in thickness from a few inches to several feet
(pl. 3B (top), sections 1 and 3). The fine-grained
basal part of the member is overlain by massive coarse
grained micaceous sandstone having an undulatory,
channellike base. The massive part of the member
grades upward into thin-bedded fine-grained sandstone
and siltstone, which form the upper part of the member.

The Bellaire sandstone member is typically fine
grained throughout most of Belmont County. The
massive part, which is confined to the northeastern
edge of the county, was apparently deposited near the
mouth of a stream as a part of a delta.

UPPER PITTSBURGH LIMESTONE MEMBER

The Upper Pittsburgh limestone member, which lies
a few feet below the Pittsburgh coal bed, is persistent
over most of eastern Belmont County. It is repre-
sented by one or more massive, resistant beds with a
total thickness of 1 to 8 feet. The limestone is locally
absent in sec. 22 E., Richland Township, sec. 16,
Colerain Township, and sec. 15, Pease Township, where
the clay beneath the Pittsburgh coal bed lies directly
upon the Bellaire sandstone member.

The following section of the Upper Pittsburgh lime-
stone member was measured in the creek bank below a
small mine in the NEY sec. 26, Pease Township.

Monongahela formation:
Pittsburgh coal bed. Ft
Conemaugh formation :
Underclay:
Clay; partially covered________________ 1 0
Upper Pittsburgh limestone member:
Limestone, dar‘k-olive-gray, sitty_.______ 1
Mudstone, shaly . ___________________ 1
Limestone, brownish-gray, silty, lami-
nated . _ _ ______________________..._ 10
Mudstone, shaly_._____________________ 11
Limestone, medium-dark-gray; variable
in thickness. __ _____.________________ 2
Mudstone, greenish-gray_______________ 4 0
Bellaire sandstone member:
Sandstone, thin-bedded; contains current
ripple marks; forms‘bed of Deep Run.

Thickness
. in,

(=

—

To the west, near the center of sec. 26, Colerain Town-
ship, the following partial section of the Upper Pitts-
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burgh limestone member was measured along the east
fork of Fall Run:
Monongahela formation:

Pittsburgh coal bed.
Conemaugh formation:

Thickness
Ft, In.

Covered. ___ . ____ ... 3 0
Upper Pittsburgh limestone member:
Limestone, weathered, laminated_ _ _____ 1 8
Limestone, light-olive-gray, silty, finely
laminated .. _______________________ 1 2
Limestone, medium-gray, silty, lami-

nated; contains ostracodes and fish

fragments__________________________ 1 3
Clay, weathered ... ___________________ 3
Limestone, brownish-gray, nodular, silty,

laminated._________________________ 1 0
Limestone, brownish- to olive-gray; splits

laterally into two or more layers______ 1 3
Limestone, brownish- to olive-gray, con-

glomeratic_ _ _______________________ 1 2
Limestone, brownish- to olive-gray, silty_ 9

Base of section at creek level,

The following partial section was measured in the east
bank of Indian Run near the south edge of the SWY
sec. 25, Pultney Township:

Monongahela formation:
Pittsburgh coal bed.
Conemaugh formation:
Underclay:
Clay and shale_ . ____________________ 3 6
Upper Pittsburgh limestone member:
Limestone, thin-bedded, weathered______
Limestone, olive-gray, dense_ _ _ . _______ 1
Limestone, thin-bedded, weathered_. ___
Limestone, olive-gray__ . ___________
Shale, caleareous______________________
. Limestone, olive-gray.__._.__________.___ 1
Creek level.

Thickness
Ft, In.

(=l e B e

In a core hole in the SEY, sec. 36, Washington Town-
ship, the Upper Pittsburgh consists of two beds sepa-
rated by 8% inches of claystone. The lower bed is 1
foot 11 inches thick and the upper bed is 1 foot 4 inches
thick.

CLAY OVERLYING THE UPPER PITTSBURGH LIMESTONE MEMBER
AND UNDERLYING THE PITTSBURGH COAL BED

The clay above the Upper Pittsburgh limestone
member is similar in most places to that in western
Belmont County, ranging from 1 to 4 feet in thickness
and containing calcareous and ferruginous impurities.
At one locality, however, on the south side of Indian
Run near the western edge of Bellaire, the clay is re-
ported to be 10 to 12 feet thick. Clay was taken from
this site by underground mining prior to 1900, indi-
cating that its purity also is probably above average
there. The site is now so overgrown with brush that
the clay cannot be seen. An exception to the general
lithologic similarity of this clay over both the eastern

and western parts of Belmont County is the apparent
absence of the mottled or “coarsely fragmental” facies
in eastern Belmont County.

MONONGAHELA FORMATION
HISTORY OF NAME

The name Monongahela was first used by H. D.
Rogers (1840, p. 150) to designate rocks exposed from
river level to the ridge summits along the Mononga-
hela River valley at Pittsburgh, Pa. He used the term
“Monongahela series’” to replace “Pittsburgh series,”
which he had previously used (1839, p. 88-108) to iden-
tify these strata. The “Monongahela series’” included
the present Conemaugh and Monongahela formations
of Pennsylvanian age and the Washington and Greene
formations of Permian age.

Rogers (1858, p. 16-20) again revised his classifica-
tion of the Pennsylvanian coal-bearing strata into the
following groups:

V. Upper or Newer Coal-Shale, or Upper Barren Group
1V. Upper or Newer Coal-Measures
II1. Older Coal-Shale or Lower Barren Group

I1. Lower Coal-Measures

I. Seral Conglomerate

The upper or Newer Coal-Measures of this classifi-
cation correspond approximately to the present accepted
definition of the Monongahela formation.

Stevenson (1873, p. 15-32) gave the name “Monon-
gahela River series’” to the strata from the base of the
clay below the Pittsburgh coal bed to the top of the
Waynesburg sandstone, which overlies the Waynesburg
coal bed. White (1891, p. 41) included the strata above
the top of the Waynesburg coal bed in his Dunkard
Creek series, which he classified as Permian in age, and
restricted the name Monongahela River series to the
rocks between the base of the Pittsburgh coal bed and
the top of the Waynesburg coal bed, which he classi-
fied as Pennsylvanian in age. The Monongahela River
series as defined by White is equivalent to the present
Monongahela formation.

The first studies in Belmont County of rocks now
assigned to the Monongahela formation were made by
Andrews (1874) and Stevenson (1878) who called these
strata the “Upper coal measures” and “Upper coal
group,”’ respectively. The “Upper coal measures” of
Andrews also included the rocks above the Waynes-
burg coal bed, which are now called the Dunkard
group. Prosser (1901, p. 100) used the formation name
“Monongahela’” of Stevenson (1873) in referring to
the Newer coal measures in Ohio, and since that time
the name “Monongahela formation” has been used in
Ohio to designate all the strata from the base of the
Pittsburgh coal bed to the top of the Waynesburg coal
bed. In the present classification, the Monongahela
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formation includes the youngest strata of Pennsylvanian
age in the northern Appalachian basin.

DISTRIBUTION

The Monongahela formation crops out in an arcu-
ate band from the southwestern corner to the north-
eastern corner of Belmont County and along the Ohio
River and its tributaries. (See pl. 1.) It has been
removed by erosion in parts of western and north-
western Belmont County, and it is covered by strata
of Permian age in much of southeastern and north-
eastern Belmont County. Rocks of the Mononga-
hela are best exposed along the Ohio River valley and
its tributaries; however, because of the southeast-
ward regional dip, the basal strata are below drainage
in the southeastern part of the county.

Although the various members of the Monongahela
formation are well exposed at many localities in the
county, continuous outcrops of the entire formation
are rare. The best of such outcrops are in road cuts
along U.S. Highway 40 beginning at the bridge at
Blaine and continuing westward for more than half a
mile. This section is typical of the Monongahela
formation in eastern Belmont County. Almost con-
tinuous outcrops of the lower part of the formation
occur along State Highway 7 south of Shadyside.
From the north edge of sec. 31, south to the north
edge of sec. 29, Mead Township, strata are well exposed
from the top of the Sewickley coal bed up to the shale
that represents the McKeefrey siltstone member
overlying the Little Captina limestone member. From
the mouth of Pipe Creek in sec. 11, Mead Township,
south to the south edge of sec. 3, York Township,
strata are exposed from the Fishpot limestone up to
the Waynesburg limestone member. Along Wegee
Creek from sec. 32 to the west-central part of sec. 14,
Mead Township, the strata included between the basal
part of the Fishpot limestone member and the Waynes-
burg coal bed are well exposed. Good outcrops of
most of the members of the formation occur along
Deep Run and the adjacent ravines in secs. 26 and 27,
Pease Township, and at many localities along Captina,
MecMahon, and Wheeling Creeks. Many of the better
outcrops are shown in the illustrations accompanying
the descriptions of the members.

The Monongahela formation is not so well exposed
in western Belmont County because the relief is more
subdued than in eastern Belmont County. As a
result, the soil accumulation is greater, and the land
is more extensively cultivated and grazed, thereby
obscuring the outcrops. Although badly weathered in
places, most of the formation is exposed along the road
in the northwestern part of sec. 36, Somerset Township.
The Pittsburgh, Sewickley, Uniontown, and Waynesburg

coal beds and some of the strata between them are
exposed in the roadcuts for U.S. Highway 40 in east-
central part of sec. 2, Kirkwood Township, and in sec.
32, Union Township. The Waynesburg coal bed crops
out in a cut in U.S. Highway 40 near the east edge of
sec. 32, Union Township. Excellent exposures of the
strata above both the Pittsburgh and Sewickley coal
beds can be seen in the many strip mines in the county.
(See pls. 1 and 10 for locations of strip mines.)

THICKNESS

The thickness of the Monongahela formation ranges
from 230 feet in the northwestern part of Belmont
County to slightly more than 260 feet in the southern
and eastern parts (fig. 5). The total westward and
northwestward thinning of the formation across the
county is approximately 30 feet.

GENERAL CHARACTER

The Monongahela formation consists of interbedded
sandstone, siltstone, limestone, and smaller amounts of
shale, mudstone, clay, and coal. Of the seven coal beds,
only the Pittsburgh and the Sewickley are mined com-
mercially.

Most of the coal beds are persistent throughout the
county, but many of the strata between the coal beds
undergo facies changes and, as a result, the ratio of
limestone to clastic rocks within the formation is vari-
able. Limestone makes up slightly more than 50 per-
cent of the Monongahela formation in parts of eastern
Belmont County, but only about 20 percent in the
western part where the formation is composed predomi-
nantly of sandstone, siltstone, mudstone, and clay.

The mineralogical composition and physical charac-
teristics of the sandstone and siltstone in the Mononga-
hela formation are similar to those of the underlying
Conemaugh formation. The sandstone beds, which
range from a few inches to approximately 50 feet in
thickness, are lenticular, are commonly crossbedded,
and vary from massive to thin bedded.

The bases of the sandstone beds at most points lie
from a few inches to several feet above the top of a coal
bed and are separated from the coal by finer grained
clastic rocks which grade into the overlying sandstone.
Locally, however, the sandstone beds have undulatory
bases, and at such localities it is obvious that a channel
was cut into the underlying strata. At a few places the
underlying coal bed has been channeled out completely
and the sandstone rests directly on the underlying
strata.

The siltstone beds, which are more evenly bedded
than the sandstone, are usually thin bedded and com-
monly are interbedded with thin layers of sandstone.
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FIGURE 5.—Map showing thickness of the Monongahela formation in Belmont County, Ohio.

The unweathered sandstone and siltstone are gray, but
when weathered they are shades of brown or olive gray.

Mica is abundant in both the sandstone and the silt-
stone, and its presence apparently emphasizes location
of the bedding planes. The sandstone beds of the
Monongahela formation, similar to the sandstone in the
Conemaugh formation, are poorly sorted and appear to
have been deposited rapidly with little winnowing. The
sand grains are angular to subrounded. The inter-
stices between grains are filled by finely ground mica,
feldspar, and clay, which, together with amorphous
quartz and iron oxide, form the cement. Many of the
sandstone beds, especially the coarser grained ones,
become friable after exposure to weathering as the
cementing materials are leached away. Grain size of
the sandstone varies from fine to coarse, but is are-
dominantly fine to medium. Conglomerate beds are
rare.

Iron occurs in several forms in the Monongahela for-
mation. Concretions containing iron are in the sand-
stone but are more common in the siltstone. Septarian
nodules of calcareous clay-ironstone are present locally
in the shale and mudstone just above the coal beds.
Siderite nodules occur locally in the siltstone, especially
in the very fine grained siltstone. Pyrite and marcasite
are common in the shale and in clay partings in the
coal beds.

Plant debris, mostly fragments of stems and logs,
occurs in the sandstone, particularly in the basal parts.
The siltstone and shale that lie just above the coal beds
locally contain leaves and other more fragile plant
remains.

The limestone occurs in single beds or in sequences
of two or more relatively thin beds separated by partings
of calcareous mudstone or soft shale. Limestone also
occurs as nodular masses in clays and mudstones.
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Locally, individual limestone beds within a member
coalesce laterally or grade into calcareous clay or mud-
stone, and some limestone sequences grade laterally
through a zone of mudstone into siltstone and sandstone.
Some of the beds of limestone are persistent for long
distances.

Most of the limestone in the Monongahela formation
contains clay and silt, and, depending upon the amount
of these materials, the limestone beds vary from hard
and resistant to soft and marly. The beds of impure
limestone weather relatively rapidly to clay, but the
purer beds commonly form angular to rounded ledges.
The texture of most of the limestone is very finely
crystalline, which gives it a smooth homogeneous ap-
pearance. Large crystals of calcite, siderite, and mag-
nesium carbonate are present locally.

The weathered limestone is light to dark gray, but
on a fresh fracture the predominant shades are light
olive gray and light brownish gray. The purer lime-
stone weathers light gray, whereas the more argillaceous
limestone weathers yellowish gray to grayish yellow.

Small gastropods, small pelecypods, ostracodes,
Spirorbis, some fish remains, and some plant remains
are present in the limestone. The presence of a di-
minutive and nondiversified fauna implies either a
brackish- to fresh-water environment or hypersaline
conditions. No saline deposits have been found in the
Monongahela formation anywhere in the northern
Appalachian basin. To the contrary, the great abun-
dance of coalified plant debris indicates a humid climate
during Pennsylvanian time, and a brackish- to fresh-
water depositional environment is indicated.

The calcium carbonate content of the limestone
ranges from 48 to 80 percent, the magnesium carbonate
from 9 to 26 percent, and the combined silica and silicate
minerals from 6 to 20 percent. Analyses of the indi-
vidual limestone beds are included with the descriptions
of the members of the formation.

The clay of the Monongahela formation occurs
beneath the coal beds. It is usually soft and pliable
and commonly contains iron, lime, and silt impurities.
The clay ranges in thickness from a few inches to about
three feet. In some places the clay is hard enough to be
classified as claystone.

The coal beds range in rank from high-volatile bi-
tuminous A to high-volatile bituminous B. The
lateral persistence of the coal beds and the uniformity
of the intervals between them are distinctive features
of the Monongahela formation in the county. The
coal beds, therefore, are key stratigraphic markers.

DESCRIPTION OF MEMBERS

The Monongahela formation in Belmont County was
subdivided by the writer into 16 members, 12 of

which were recognized on the basis of correlation with
members already named in West Virginia and Pennsyl-
vania. In addition to the 16 members, the Mononga-
hela formation contains 7 coal beds. Following is a
list of the members and coal beds of the Monongahela
formation in Belmont County. Their stratigraphic
relations are shown in the generalized section for the
Monongahela formation included on plate 2.

Waynesburg (No. 11) coal bed
Gilboy sandstone member
Little Waynesburg coal bed
Waynesburg limestone member
Uniontown sandstone member
Uniontown (No. 10) coal bed
Uniontown limestone member
McKeefrey siltstone member
Little Captina limestone member
Arnoldsburg sandstone member
Arnoldsburg limestone member
Morningview sandstone member (including lower tongue)
Benwood limestone member
Sewickley sandstone member
Sewickley (No. 9) coal bed
Fishpot sandstone member
Fishpot coal bed

Fishpot limestone member
Redstone sandstone member
Redstone (No. 8A) coal bed
Redstone limestone member
Pittsburgh sandstone member
Pittsburgh (No. 8) coal bed

PITTSBURGH (NO. 8) COAL BED

The Pittsburgh coal bed, the basal unit of the
Monongahela formation, was originally named and
described by Rogers (1839, p. 96-97) for its exposures
at Pittsburgh, Pa. In Belmont County the Pittsburgh
coal bed was known as the Bellaire coal bed alongthe
Ohio River and as the Lower Barnesville coal bed in
the southwestern part of the county, until Stevenson
(1878, p. 267) correctly correlated it with the Pittsburgh
coal bed of Pennsylvania.

The Pittsburgh coal bed generally occurs in two
benches, separated by a clay parting that ranges from
a few inches to as much as 3 feet in thickness. The
lower bench forms the main part of the bed and con-
tains all the minable coal. The reserve tonnages and
thicknesses in this report are based entirely on the
lower bench. The upper bench, which is thin and
impure, is absent in the extreme western part of the
county, but contorted lenticular masses of coal locally
embedded in the base of the overlying sandstone indi-
cate that the upper bench was partly scoured when the
sandstone was deposited. Uniformity in thickness and
regularity in the occurrence of certain partings
characterize the Pittsburgh coal bed over most of
Belmont County. Plate 4 is an isopach map which
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shows the distribution of the bed and the thickness of
the coal in the lower bench.

In the eastern three-fourths of Belmont County, the
lower bench of the Pittsburgh bed averages 60 to 64
inches in thickness with only a few local variations.
It has a thickness of more than 72 inches in north-
eastern Washington Township, and it is reported by
mine operators to be 84 inches thick along the narrow
syncline in Pultney and Pease Townships. At the
McConnaugh mine in sec. 31, Union Township, the
lower bench is 96 inches thick. At a few localities,
mainly along Wheeling Creek in Wheeling and Colerain
Townships, the lower bench is slightly less than 60
inches thick.

In the extreme western part of Belmont County,
only the lower bench of the Pittsburgh coal is present,
and it is more variable in thickness, ranging from 8
to 60 inches. The part of the bed shown on plate 2
within the 42- to 60-inch thickness category averages
about 50 inches thick, and that part in the 28- to
42-inch thickness category averages 38 inches. Core
holes drilled in southwestern Goshen and northwestern
Wayne Townships show an area in which the coalis
less than 42 inches thick. In the southwestern corner
of Belmont County, in Somerset Township, the coal
thins abruptly from 42 inches to less than 12 inches.
This is the only area in the county where the Pitts-
burgh coal bed is too thin to be mined.

The upper bench or “roof coal” of the Pittsburgh
bed ranges from a few inches to more than 3 feet in
thickness, but averages from 14 to 18 inches.

Three to five claystone, bone, or pyrite partings are
common in the Pittsburgh coal bed. Locally, however,
there are more than five partings. The positions of
these partings and the thickness of the coal are shown
in plate 5, which contains diagrammatic sections of
the Pittsburgh bed.

In the eastern three-fourths of the county the most
extensive parting is the claystone, which separates
the bed into two benches. 1t ranges from a few inches
to more than 3 feet in thickness and is commonly
called “draw slate’” by miners. At a few isolated
localities this parting is absent and the upper bench
of the bed lies directly on the lower bench.

At most places the lower bench of the Pittsburgh
coal bed contains two or three thin pyritic claystone
and bone partings that are remarkably persistent.
(See pl. 5.) Bone is a hard, tough impure coal con-
taining much silty material. Two of these partings,
which are 2% to 6 inches apart, are commonly near the
center of the lower bench of the bed. They are % to
1% inches thick and consist of carbonaceous claystone
impregnated with pyrite. Locally, one of these part-
ings may be only a paper-thin layer of either pyrite or
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bone. The coal between the two partings is called the
“bearing-in-coal’”’ by the miners. It commonly con-
tains thin lenticular streaks of fusain or mineral char-
coal. A third parting occurs in some places from 12 to
18 inches above the base of the lower bench. This
parting generally consists of pyrite-impregnated bone
ranging from % to ¥ inch in thickness. In a few places,
pyrite disks as much as 18 inches in diameter and 6
inches thick occur at the position of the lower parting.
Several of these disks were found in the strip mine in
the SWYNEY sec. 27, Warren Township. Locally, a
%- to %-inch layer of bone occurs about 12 inches below
the top of the lower bench. In addition to these
somewhat persistent partings, thin lenticular layers of
fusain, pyrite, or bone are locally present.

“(Clay veins” are in the Jower bench of the Pittsburgh
coal bed where the claystone parting thickens either
upward or downward at the expense of the coal. At
some places the entire lower bench is of carbonaceous
claystone. The “clay veins” range from a few feet to
a few tens of feet in width. These “veins’’ probably
resulted from lateral variation in the amount of sedi-
ment deposited within the coal basin, and they may
indicate the position of stream channels. Thinner
“clay veins” that have a definite crosscutting relation
to the coal are probably fillings of fissures formed in
the coal bed by minor crustal disturbances. The
lower bench of the Pittsburgh coal bed is underlain by
impure claystone of irregular thickness that grades to a
plastic clay at some places.

The upper bench of the Pittsburgh coal bed generally
contains several irregular clay partings ranging from a
fraction of an inch to several inches in thickness.
Several thin bands of carbonaceous and coaly clay and
thin lenticular stringers of coal are usually interbedded
with the claystone above the main layer of the upper
bench. The stringers of coal are erratic in their
occurrence and are generally deformed. As previously
mentioned, the deformed lenses of coal above the lower
bench in the western part of the county may represent
the upper bench.

In the past, when hand-cutting tools were used to
mine the coal, the following terminology, based pri-
marily on the position of the partings just described,
was applied to the Pittsburgh coal bed:

Roof coal ... ___ . ___________ Upper bench
Draw slate
Breast coal
Parting
Bearing-in-coal
Parting

Brick coal
Parting
Bottom coal

,,,,,,,,,,,,,,,,,,, Lower bench
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The Pittsburgh coal bed has a prominent vertical
cleavage or joint pattern which consists of two sets of
joints or “cleats.” The joints represent lines of weak-
ness that probably developed during the solidification
of the coal and during regional structural stresses. Be-
cause of these joints the coal breaks into cubes when it
is mined or exposed to the weather. The most con-
spicuous of these joints is called the “face’” by the
miners. It is the direction in which the bed breaks
most readily. The average strike of the “face” is N.
75° W. The second direction of fracture is at right
angles to the main direction of fracture and is called
the “butt” by miners. In general, the part of the bed
below the two closely spaced partings in the lower
bench tends to break into large-sized cubes or blocks
and the upper part of the lower bench tends to break
into smaller sized blocks.

Macrostructure

The Pittsburgh is a banded coal. The banding is
caused by alternate layers of anthraxylon, fusain, and
attritus. Anthraxylon is the ingredient forming the
shiny black bands that have a vitreous appearance and
conchoidal fracture. According to Thiessen (1931, p.
118) it comprises the constituents in coal that are de-
rived from the woody tissues of plants—such as stems,
limbs, and branches, including both wood and cortex—
which are changed and broken up into fragments of a
wide variety of sizes through biological decomposition
and weathering during the peat stage and which are
later flattened and transformed into coal through the
coalification process but are still definite unit constit-
uents. In thin section these bands invariably reveal
some of the original plant structure. Thiessen states
further that it is mainly the anthraxylon that possesses
the coking properties and it chiefly lends these prop-
erties to the coal as a whole.

Fusain is the material forming the dull black bands
resembling charcoal, and in older reports is often re-
ferred to as ‘“mineral charcoal.” It is soft and typically
has a fibrous and porous structure. Because it is not
cleated and is not cohesive, fusain commonly forms
planes of weakness parallel to the bedding of the coal.
Fusain is the “dirty”’ constituent of coal; during mining
it generally disintegrates into very fine coal dust.

Attritus consists of the very fine vegetal particles
within the coal including spore-exines, resinous matter,
cuticular matter, and other woody degradation prod-
ucts. Thiessen and Francis (1929, p. 11) considered
attritus a general coal matrix that appears uniformly
granular and amorphous except at high magnification.
Parks and O’Donnell (1956, p. 6) say that attritus is
derived from the same class of plant remains as anthrax-
ylon, but it has been subjected to intensive and

relatively rapid biochemical alteration, which has re-
sulted in a variable but comparatively high degree of
carbonization,

Although no detailed petrographic study was made
of the various coal constituents of the Pittsburgh coal
bed in Belmont County, a number of megascopic obser-
vations were made. Anthraxylon in the Pittsburgh
coal bed occurs generally in thin (%, to 42 inch) laminae
with some thicker layers ranging from %, to % inch.
It is estimated that the anthraxylon content averages
about 50 percent.” The concentration of anthraxylon
bands varies from one part of the bed to another and
also from one locality to another. In general, anthrax-
ylon is more abundant in the lower part of the bed.

In the Pittsburgh coal, fusain forms thin lenticular
layers distributed throughout the bed. The fusain
content of the Pittsburgh coal bed in Belmont County
is generally low.

Other megascopic minerals in the Pittsburgh coal
bed are pyrite and sulfate. The occurrence of pyrite
in the regular partings in the coal bed has already been
described. Pyrite is also present as very thin lenticular
sheets and as large discoid nodules within the coal.
Sulfate occurs as white vitreous encrustations on the
“cleat” or joint surfaces of the coal.

Quality

Coal from the Pittsburgh bed is of high-volatile A
bituminous rank throughout most of Belmont County.
There is some variation in rank from east to west
across the county. The coal from the east is slightly
higher in Btu or heating value and slightly lower in
ash content. Some of the coal in western Belmont
County is of high-volatile B bituminous rank. As
shown by 17 analyses on the “as-received’” basis, the
coal in eastern Belmont County has a heat value of
13,081 Btu, and the coal in western Belmont County
as shown by 12 analyses (as received) has a heat value
of 12,659 Btu. ,

The available analyses of the Pittsburgh coal bed
are given in table 11.

At the south end of the ridge near the center of sec.
17, Kirkwood Township, for a distance of 75 feet or
more laterally, the entire thickness of the Pittsburgh
coal bed is composed of a reddish material described
by Charles Milton as ‘“burnt earth.” The material is
earthy and is composed of clay-sized particles. It has
a low specific gravity, is vesicular, and ranges from
pale red to moderate reddish orange. Some of the
material is dark gray and because it is more resistant
to weathering forms rubble of fist-sized chunks. Few,
if any, quartz grains are in the material, but fragments
of kaolinized feldspar occur in small quantities. The
appearance of the material suggests that it is ‘“burnt
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earth’”’; however, the contact between this material and
the adjoining coal bed is very sharp and even. No
deformation or evidence of burning was seen. The bed-
ding of the strata both above and below the red material
seems to be normal. The Upper Pittsburgh limestone
member, which is present a few feet below the “burnt
earth,” is also red.

REDSTONE LIMESTONE MEMBER

In the eastern three-fourths of Belmont County, the
Redstone limestone member overlies the Pittsburgh
coal bed (pl. 6). In the extreme western part of the
county, the interval of the limestone is occupied by
the Pittsburgh sandstone member (pl. 4).

The name ‘“Redstone’”” was originally given by Frank-
lin and W. G. Platt (1877, p. 55-104, 286) to an 8- to
10-foot limestone which they designated as the basal
member of the Pittsburgh limestone group in south-
western Pennsylvania. They gave its position as 30
feet above the Pittsburgh coal and directly below the
Redstone coal.

White (1891, p. 62-63) used the name ‘‘Redstone”
for the limestone beneath the Redstone coal bed on
Redstone Creek, Fayette County, Pa. He correlated
the Redstone limestone of Pennsylvania with the lime-
stone between the Pittsburgh and Redstone coal beds
in eastern Belmont County, Ohio.

The Redstone limestone member is persistent over
the eastern three-fourths of Belmont County and
ranges in thickness from 18 feet in sec. 23 E., Richland
Township, to as much as 30 feet in the northwestern
part of sec. 31, Union Township. Its average thickness
is slightly more than 20 feet. Plate 6 contains dia-
grammatic sections that show the stratigraphic position
of the limestone, its thickness, character, and relation
to the Pittsburgh sandstone member.

The Redstone in most places consists of four or more
massive beds of limestone, which vary from hard and
resistant to soft and crumbly. At most places thin
layers of claystone or soft shale lie between the beds of
limestone. At the base of the member is a unit of
calcareous claystone that ranges from about 4% to 11
feet in thickness. In sec. 31, Union Township, and
sec. 31, Somerset Township, the claystone is locally
absent.

The claystone at the base of the member is shaly and
contains in its upper part limestone nodules at most
places. At some places thin carbonaceous clay bands
and thin lenses of coal are interbedded with the basal
part of the claystone. The claystone weathers to
shaly clay, which is commonly light olive to light
greenish gray. But along the tributary to Rock Creek
in secs. 31 and 32, Somerset Township, at the south-
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western corner of the county, this clay is variegated
gray and grayish red.

An outcrop showing the typical character of the
member in the eastern part of the county is in the
NWYSWY sec. 36, Pultney Township, along the bank
of State Highway 147, where 7 feet of claystone is
overlain by four closely spaced, massive beds of lime-
stone, each 3% to 4 feet thick (pl. 6, section 22). A
detailed description of that section follows:

Monongahela formation: o Hickness
Redstone coal bed and associated clay:
Mudstone, light-gray, hard; crumbles

after desiccation; contains 6-in. hard

calcareous layer in center and 1-in.

carbonaceous band thick at base______ 1 8

Redstone limestone member:

Limestone, medium-gray, argillaceous;

has faint brownish hue_____.__________ 1 5
Limestone, medium-gray, massive, hard;

has a light-olive hue; contains 1- to

2-in. shaly band near center; conchoidal

fracture_ __ ________________________ 3 5
Limestone, medium-gray, massive, hard;

has light-olive hue; contains a 1- to

114-in. shaly band 1 ft 5 in. above base. 4
Shale, light-olive-gray, soft, calcareous_ . 1
Limestone, medium-gray, massive, argil-

laceous; has light-olive hue and sub-

conchoidal fracture; undulatory base;

contains highly fragmented fossil re-

mains_ _______ o _______ 2 9
Claystone; contains light-olive-gray lime-
stone nodules in upper half __________ 7 0

Pittsburgh coal bed.

Thin calcareous shaly soft clay partings locally
separate the limestone beds, which are dense and
relatively resistant to weathering. Individual beds of
limestone generally protrude as rounded ledges. In
eastern Belmont County the undulatory tops and
bottoms of the limestone beds in the Redstone member
distinguish it from the more even bedded Fishpot
limestone member that lies just above.

In west-central Belmont County, where the Redstone
member locally grades into the deltaic Pittsburgh
sandstone member, the beds of limestone are more
variable in number, more argillaceous, and less resistant
to weathering. They are separated by a greater amount
of interbedded clay and soft shale and are locally
conglomeratic. (See pl. 6.) Three of the limestone
beds, however, are fairly widespread. The most
extensive is a 2- to 3%-foot bed that is light brownish
gray and, at many places, forms a prominent angular
ledge from 5 to 7 feet above the Pittsburgh coal bed.
This bed contains clayey laminae and the upper part is
locally conglomeratic. Several feet above this bed is
very argillaceous limestone, which commonly ranges
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coal, bone, carbonaceous shale, and clay. In the
northeastern fourth of the county, it consists primarily
of bone, which at some places is massive and weathers
out as slabs.

In the southern fourth of the county, where the
average thickness of the bed is more than 14 inches,
the Fishpot coal bed consists of coal interbedded with
clay and shale partings which are as much as 5% inches
thick. Figure 11 shows diagrammatic sections showing
both the thickness and the lithologic character of the
bed. In the vicinity of Barnesville and along the
western part of Somerset Township the Fishpot coal
bed has been mined in the past for home use. In the
southwestern corner of Warren Township and in Somer-
set Township, where the Sewickley (No. 9) coal bed
is thin and impure, the thicker Fishpot coal bed has
been erroneously identified as the Sewickley by the
local people. The Fishpot coal bed is also thicker than
the overlying Sewickley in many parts of York Town-
ship, but it contains several thick clay and shale
partings and consequently has not been prospected
extensively. The associated underclay is variable in
thickness but is generally thin. In places the under-
clay is absent, and the coal bed lies directly on the
Fishpot limestone member. Both the Fishpot and the
Sewickley coal beds are well exposed in several of the
cuts and banks along the spur line of the Pennsylvania
Railroad that is parallel to Captina Creek westward
across York Township from the Ohio River to sec. 4,
Washington Township.

The only analysis made of the Fishpot coal bed
(table 11) indicates an ash content of 16 percent and
a heat value of 11,739 Btu on the as-received basis.

FISHPOT SANDSTONE MEMBER

In a report on Jefferson County, Lamborn (1930,
p. 235) designated the sandstone overlying the Fishpot
coal bed and underlying the Sewickley (Meigs Creek)
coal bed as the Fishpot sandstone member.

The member is persistent throughout Belmont
County, but it grades laterally from massive cross-
bedded coarse-grained sandstone to an interbedded
sequence of calcareous shale, mudstone, and impure
limestone.

The massive sandstone, which seems to be the filling
of a broad channel, lies mainly in the southwestern and
southern parts of the county, and the calcareous shale
and limestone is mainly in the central part. In most
other parts of the county the Fishpot sandstone member
is composed of fine-grained laminated sandstone and
shaly siltstone. The laminations are caused by
abundant mica lying along bedding planes and by very
thin layers of macerated carbonized plant remains.
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Locally the laminated sandstone is ferruginous. Plate
8 contains diagrammatic sections showing the strati-
graphic position of the member and its lithologic
character.

The thickness of the Fishpot sandstone member
ranges from 18 to 26 feet over most of the county, but
the massive sandstone in the southwestern part is
locally as much as 50 feet thick.

Good outcrops of the massive sandstone are along
Leatherwood Creek and its tributaries in Dog Hollow
and Cat Hollow and around the head of Beaver Creek
just southeast of Temperanceville. The western limit
of the massive sandstone is exposed on the east side of
the valley opposite the quarry in the northeastern part
of sec. 31, Somerset Township, and on the hillside east
of the house at the west-central edge of sec. 25, Somerset
Township. To the west in most of adjacent secs. 31
and 32, the Fishpot sandstone member consists of shaly
siltstone and mudstone (pl. 8, section 15). The
massive part of the Fishpot sandstone member is
present eastward from Somerset Township across the
southern part of the county, but it thins from 50 to
about 25 feet, and locally it grades into siltstone.
Approximately the upper half of the massive sandstone
is exposed along the South Fork of Captina Creek in
sec. 21, Wayne Township, and the upper 2 to 3 feet
crops out along Captina Creek in sec. 17, Wayne Town-
ship. Farther east the massive sandstone crops out
in the railroad cut in the northeastern part of sec. 27,
York Township, along Pipe Creek westward from its
mouth for a distance of half a mile, and near the north-
eastern corner of Colerain Township (pl. 8, section 8).

The massive sandstone is irregularly bedded and
crossbedded, and locally in the northeastern part of
sec. 33, Somerset Township, contains conglomerate in
the basal part. The sandstone is poorly sorted,
micaceous, and the grain size ranges from fine to coarse.

The calcareous shale and impure limestone, which
grade laterally into the laminated sandstone and silt-
stone, crop out in several places in central Belmont
County, mainly in northern Smith, Richland, south-
western Pease, and southern Colerain Townships;
locally in northeastern Belmont County in north-
eastern Pease Township; in southeastern Belmont
County in southern Mead and southern York Town-
ships; and in northwestern Belmont County in north-
western Kirkwood Township (pl. 8). An exposure
showing the typical character of the calcareous shale
and limestone is in the railroad cut at Glencoe where 21
feet of soft olive-gray shale containing several lenticular
beds of impure limestone crops out (pl. 8, section 12).
The following section was measured in the Glencoe
railroad cut:
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Thickness
Monongahela formation: ) In.
Sewickley coal bed________________________ 4 44
Underelay: .
Clay, shaly; contains silt and iron im-
purities________________________.___ 1 4
Fishpot sandstone member:
Limestone, lenticular, argillaceous_______ 5
Clay, shaly; stained by iron oxide_______ 1 3
Limestone, olive-gray, silty, laminated;
splits into two or three thin beds later-
ally .. . L. 1 0
Shale, olive-black, soft, clayey, calcare-
ous; weathers olive gray_____________ 7 5
Limestone, yellowish-gray, silty_________ 4
Shale, similar to shale unit above_______ 2 4

Limestone; three thin silty beds separated
by two layers of olive-black clayey

Shale, brownish-black, soft, clayey, cal-
careous; 3-in. carbonaceous layer near

Mudstone, olive-gray, shaly, soft__._____ 8
Limestone, light-olive-gray, argillaceous,
irregularly bedded; contains lenticular
band of claystone; weathers yellowish

Mudstone, olive-gray, very silty, shaly;
contains silty limestone nodules in

upper part_________________________ 2 6
Fishpot coal bed (lies 4 ft 3 in. above railroad
track) . _______ 7

This excellent outcrop also includes the upper part of
the Fishpot limestone member, the Fishpot and Sewick-
ley coal beds, and the lower part of the Benwood
limestone member.

SEWICKLEY (NO.8) COAL BED

Rogers (1858, p. 505) used the name ‘‘Sewickley’’ to
designate the coal bed 4 to 5 feet thick that lies 100 feet
above the Pittsburgh coal bed along Sewickley Creek
in Westmoreland County, Pa.

In Belmont County the coal 75 to 120 feet above the
Pittsburgh coal bed was originally called the ‘Upper
Bellaire” in the eastern part of Belmont County and
the “Upper Barnesville’’ in the western part. Andrews
(1874, p. 462) named this coal bed the ‘“Cumberland
seam” for its exposures at Cumberland in Guernsey
County, Ohio, and traced it across Noble, Washington,
Monroe, Guernsey, and Belmont Counties. Brown
(1884, p. 1059) correlated the ‘“Cumberland seam”
with the Sewickley coal bed of Pennsylvania. He
dropped the name ‘“‘Cumberland seam,” but instead of
substituting the older name ‘‘Sewickley,” he used
“Meigs Creek” for exposures of this coal bed along
Meigs Creek in Morgan County, Ohio. The name
“Sewickley” is used in this report because it has prior
usage and also because the bed is much more widely
known in the northern Appalachian basin as Sewickley.
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The Sewickley coal bed is called the ‘“Mapletown
coal” by oil drillers, and it is still erroneously called the
8A coal bed by some mine operators in Belmont County.

The Sewickley coal bed lies about 75 to 85 feet above
the Pittsburgh coal bed in the northeastern and central
parts of the county, but the interval increases to the
south and west (fig. 12).

The thickness of the bed is variable and ranges from a
few inches in the southwestern corner of the county to
slightly more than 15 feet in Kirkwood Township.

The bed is multiple benched and consists of one per-
sistent thick middle bench, which contains all the coal
of commercial quality, and upper and lower benches
that are impure and lenticular. Plate 10 shows the
areal distribution of the bed and the thickness of its
middle bench, and plate 11 contains diagrammatic
sections showing the thickness, lithologic character
of the bed, and stratigraphic relations and distribution
of its three benches.

The upper bench, which ranges from a few inches to
almost 3 feet in thickness, is present only in the western
part of the county. Its distribution is virtually iden-

tical to that of the overlying Sewickley sandstone

member (pl. 10). The upper bench is impure, contain-
ing almost everywhere lenticular clay, shale, and bone
partings commonly an inch or more thick. Locally,
massive bone makes up the bench. A shaly clay
parting, 1 to 2 feet thick, separates the upper from the
middle bench.

The middle bench is persistent over all the county
except central Pease Township. The thickness of the
middle bench ranges from 68 inches in southwestern
Union Township (pl. 11, section 289) to about 1 inch in
southwestern Somerset Township. The area of thickest
coal lies in southern Union and northern Goshen
Townships, where the average thickness is more than 54
inches. Two smaller areas in which the thickness of the
coal averages more than 54 inches are to the east in
northeastern Richland Township and in northeastern
Smith Township (pl. 10). The average thickness is
more than 42 inches over most of northern Belmont
County, but the bench thins toward the northeast and
also toward the south and southwest to less than 14
inches.

Several partings of shale, clay, or bone, ranging from
a fraction of an inch to about 2% inches thick, are in the
middle bench at most places but ‘not in a consistent
pattern like those of the lower bench of the Pittsburgh
bed. In parts of eastern Belmont County, however,
one and in many places two partings lie near the center
of the bench. In general the partings are more prev-
alent in the eastern part of the county (pl. 11). In
addition to the main partings, thin lenses of carbona-
ceous shale occur throughout the middle bench. On



STRATIGRAPHY

31

WARREN GOSHEN

7z,

N

RASS

|
|
|

SOMERSET I‘ WAYNE
|
|
|

e e e ]

COLERAIN
=== - |
] ! |
—— - A
! i
! |
' |
| |
RICHLAND | h
b F————
|'
|
I
T <8
i | PULTNEY
[ i
| |
| l
SMITH | |
L

? MILES

CONTOUR INTERVAL 10 FEET

FinrURE 12.—Map of Belmont County showing the interval from the base of the Pittsburgh coal bed to the base of the Sewickley coal bed.

a fresh outcrop, the shale is difficult to detect, but it
stands out on a weathered surface because of its greater
resistance. 'This shale adds to the cost of cleaning the
coal and also increases the ash content.

The lower bench, which is thin and impure, is
persistent in the northeastern part.of the county in
southeastern Wheeling, southern Colerain, and central
Pease Townships and is present in places in the western
part of the county in southwestern Union, south-
western Warren, and northwestern Kirkwood Town-
ships (pls. 10 and 11). The layer of impure coal and
bone that is separated from the middle bench by a
parting of micaceous shaly clay in parts of Kirkwood,
Flushing, Union, and Wheeling Townships may be
equivalent to the lower bench (pl. 11, sections 205, 219
and 268). In western Belmont County the lower
bench lies from a few inches to as much as 9 feet below

the middle bench and is separated from it by either
soft shale or shaly clay. In eastern Belmont County
the lower bench lies from a few inches to about 12 feet
below the middle bench and is separated from it by
micaceous silty shale, laminated shaly siltstone, and
thin-bedded sandstone. In central Pease Township,
where both the middle and the upper benches are
absent, the shale, siltstone, and sandstone lie between
the lower bench and the Benwood limestone member.

The Sewickley coal bed has a prominent cleavage
consisting of two sets of perpendicular joints or ‘“cleats.”
Like the Pittsburgh coal bed, the “face” or main joint
has an average strike of about N. 75° W.

The Sewickley is a banded coal, and the banding
results from alternation of laminae of anthraxylon or
bright coal and duller components. Anthraxylon con-
stitutes about 50 percent or less of the coal. The
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distribution of anthraxylon varies both vertically and
horizontally but the concentration is greatest in the
basal third of the bed. Bands of anthraxylon vary
from very fine (less than one-fiftieth of an inch) to
thick (greater than one-fifth of an inch), but are pre-
dominantly thin (1/50 to 1/12 inch) to medium (1/12
to 1/5 inch). The thickest bands are in the upper
bench and in the upper part of the middle bench.
Fusain occurs as thin irregular lenses throughout the
bed. Pyrite occurs locally as an impregnation in the
clay, shale, and bone partings and also as fine globules
or crystals disseminated throughout the coal. Encrus-
tations of white vitreous sulfate cover some joint faces.

Coal from the Sewickley bed in Belmont County is
of high-volatile A and high-volatile B bituminous rank.
Coal of high-volatile B bituminous rank occurs in
Flushing, Wheeling, Pease, and the northern half of
Richland Townships.

Twenty-two analyses of Sewickley coal have an aver-
age ash content of 12.68 percent and heating value of
12,124 Btu on an as-received basis. The analyses of
coal from the western half of the county average
11.54 percent ash and 2.88 percent sulfur and have a
heating value of 12,284 Btu, as compared to 13.83
percent ash, 3.54 percent sulfur, and 11,957 Btu for
the coal from the eastern area. These averages com-
pare on a countywide basis with 9.0 percent ash, 4.1
percent sulfur, and 12,870 Btu for the Pittsburgh coal
bed. In contrast with the Sewickley coal the Pitts-
burgh coal increases in heating value eastward and
decreases in ash and sulfur.

SEWICKLEY SANDSTONE MEMBER

White (1891, p. 60) used the name ‘“‘Sewickley” to
designate the sandstone that overlies the Sewickley
coal bed and underlies the Benwood limestone member
along the Monongahela River between Morgantown
and Fairmont, W. Va.

In Belmont County the Sewickley sandstone member
extends from the northwest into the western part of
the county as a tongue between the Sewickley coal bed
and the Benwood limestone member. The sandstone
is more than 30 feet thick in the northwestern part of
Belmont County in Flushing and Kirkwood Town-
ships, but the member pinches out entirely in the
eastern part where the Benwood limestone member
overlies the Sewickley coal. Plate 10 shows the areal
distribution of the sandstone, and plate 12 shows the
stratigraphic relation of the Sewickley sandstone and
Benwood limestone members. Although the Benwood
contains more clay and silt in the western part of the
county, there is no evidence that the limestone and the
Sewickley member are intricately interfingered (pl. 12).
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Shale, siltstone, sandstone, and some clay and mud-
stone make up the Sewickley sandstone member.
Even-bedded laminated siltstone and laminased sand-
stone are most abundant, but lenses of medium- to
coarse-grained sandstone are present at inost outcrops.
Generally the base of the member contains a thin layer
of shaly clay or mudstone that rests on the 'upper
bench of the Sewickley coal bed. This clay grades
upward into soft shale which in turn grades into even-
bedded laminated siltstone and fine-grained sandstone.
Laminae in these rocks are mica and macerated car-
bonized plant remains. In many places these laminae
are so closely spaced that the rock forms thin plates
upon weathering. The following detailed stratigraphic
section, measured in a strip mine in the south-central
part of sec. 11, Warren Township, shows the typical
lithologic character of the member.
Monongahela formation:

Sewickley sandstone member:

Siltstone, medium-gray to olive-gray,
very fine grained, or poorly bedded
mudstone; weathers into large irregu-
larly shaped lumps that slack and
crumble to small fragments; contains
lenses of fine-grained sandstone and
siltstone laterally . _________________ 15

Sandstone, light-gray, fine- to medium-
grained, highly micaceous, thin-bedded
to massive, crossbedded; variable in
thickness_ _ _ . _____________ 6

Siltstone, finely laminated; laminae are
mica and highly macerated, carbona-
ceous plant remains cut by large verti-
cal joints resembling large shrinkage
cracks; weathers to large subangular
masses which slack and break up into
splinter-shaped fragments___________ 5

Sewickley coal bed—upper bench.

Lenses of medium- to coarse-grained crossbedded
micaceous sandstone similar to the sandstone in the
above section, and ranging in thickness from a few
inches to several feet, are mainly in the lower half of the
member. In afew places these sandstone lenses thicken
and become channel sandstones whose bases lie a foot
or less above the Sewickley coal bed. Figure 13 shows
a channel of the Sewickley sandstone member exposed
in a strip mine in the northwestern part of sec. 35,
Goshen Township. A similar sandstone crops out in a
strip mine north of the highway in the southeastern part
of sec. 18, Union Township. Other outcrops of the
channel sandstone are in the east road bank in the
northeastern part of sec. 31, Goshen Township; in the
east bank of Captina Creek in the southwestern part of
sec. 36, Wayne Township; bn both sides of Captina
Creek in the north-central part of sec. 35, Wayne Town
ship; in the western part of section 21, Wayne Town-

Thickness
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occupied by sandstone and siltstone (pl. 12, section 2;
and pl. 14B, sections 3-5).

The upper parts of some of the beds in the Benwood
limestone member are sedimentary breccias, indicating
deposition in shallow water with periodic exposure to
subaerial desiccation. An erosional unconformity
occurs in the lower part of the member about 10 feet
above the Sewickley coal bed in southwestern Goshen
and north-central Wayne Townships. This local
unconformity was studied in three places: in a strip
mine west of Long Run in the southwestern part of
sec. 32, Goshen Township; in the bank of State High-
way 148 near the center of the southeastern part of
sec. 23, Wayne Township; and in the bank of State
Highway 148 a few feet east of the road intersection
near the center of sec. 10, Wayne Township. In sec.
32, Goshen Township, the beds beneath the uncon-
formity are folded. To the southeast in sec. 23,
Wayne Township, the beds beneath the unconformity
have also been flexed but less than those to the north-
west. In sec. 23, Wayne Township, gently folded
beds and a dark-gray channel shale which cuts the
folded limestone beds in one place are truncated by a
flat-lying bed of conglomeratic limestone containing
fragments of the underlying shale and limestone.
About 2 miles farther to the southeast in sec. 10,
Wayne Township, a thin bed of conspicuous iron-
stained limestone conglomerate composed of subrounded
to rounded limestone pebbles lies 10 feet above the
Sewickley coal bed. The beds beneath the conglom-
erate do not appear to be folded but the base of the
conglomerate is undulating, indicating probably deposi-
tion on an erosional surface.

Unweathered surfaces of limestone in the Benwood
member are generally light gray to olive gray, but
weathered surfaces are generally yellowish gray to
grayish yellow.

The fauna of the Benwood limestone member con-
sists of small gastropods, ostracodes, and Spirorbis.

An analysis of the Benwood limestone member
from the center of sec. 36, Pease Township (Lamborn,
1951, p. 67-68), is as follows:

Percent
Silica and silicates_ _ ____________________ 29. 20
Hydrated ferric oxide_ . _________________ .71
Ferrous carbonate_ _____________________ 1. 85
Iron disulphide_________________________ .32
Titanium dioxide_ ______________________ 3. 20
Calcium phosphate______________________ 2.17
Calcium sulpbate_. . ____________________ . 02
Calcium carbonate______.________________ 49. 35
Magnesium carbonate___________________ 19. 44
Manganese carbonate_ . .. _______________ .10

Limestone from the Benwood member was also
sampled by Condit (1923, p. 53) at Armstrongs Mills
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in Washington Township, and the chemical composition
of that sample is similar to the one above.

MORNINGVIEW SANDSTONE MEMBER

Overlying the Benwood limestone member in Bel-
mont County is a clastic unit whose stratigraphic posi-
tion ranges from 43 to 74 feet above the Sewickley coal
bed (pl. 12) and from 36 to 52 feet below the Uniontown
coal bed (pl. 14). Thisunit is, in many places, greenish-
gray siltstone, but locally in parts of Pease, Pultney,
Wayne, and Washington Townships, it is mainly massive
crossbedded sandstone. Sandstone is more prevalent
in the unit to the east in West Virginia and Penn-
sylvania, but it has not been previously named. In
the past it was included first in the ‘“Uniontown lime-
stone,” which included all strata, sandstone and lime-
stone alike, between the ‘“Fulton green shale” and the
Uniontown coal bed, and later, when the ‘“Uniontown
limestone” was subdivided, it was included in the
“Arnoldsburg limestone’” which included all strata
between the “Fulton green shale” and the ‘“Arnoldsburg
sandstone.”

The unit is hereby designated the Morningview sand-
stone member for excellent outcrops along the south
bank of Deep Run near the east edge of sec. 32, Pease
Township, at a point 2% miles east of Morningview.
The layer of greenish-gray siltstone in the upper part of
the Benwood limestone member is a lower tongue of the
Morningview sandstone member. This tongue joins
with the main body of the member eastward in West
Virginia and Pennsylvania. Figure 15 and plate 13
show the regional relation of the Morningview and its
lower tongue, and plates 12 and 14 show the strati-
graphic relation of the Morningview sandstone and
Benwood limestone members in Belmont County. The
lower greenish siltstone tongue (‘“Fulton green shale’
of older reports) has been included in the description
of the Benwood limestone member. All descriptions
of the Morningview member in this section, therefore,
refer to the main body of the member.

The Morningview sandstone member ranges from 3
to 12 feet in thickness (pl. 14). Over most of the county
it is grayish-green shale or clayey, greenish-gray silt-
stone, ranging from 2% to 5 feet in thickness. The
member is thickest in secs. 3 and 32, Pease Township;
sec. 28, Pultney Township; sec. 28, Washington Town-
ship; and secs. 4 and 10, Wayne Township, where it is
massive, locally crossbedded sandstone. In secs. 3 and
32, Pease Township, and sec. 10, Wayne Township, the
lower part of the member is conspicuous grayish-green
shale that is overlain by massive greenish-gray sand-
stone with an undulatory base. The best outcrop of
massive Morningview sandstone member in Belmont
County is at the type section in the south bank of
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Deep Run south of the paved road in the eastern part
of sec. 32, Pease Township (pl. 144, section 6), where
the stratigraphic relation to associated strata can be
seen. There the member includes at the base grayish-
green shale a few inches to about 1% feet thick and mas-
sive crossbedded grayish-green micaceous sandstone 10
to 12 feet thick. The basal part of the massive sand-
stone contains very small {ragments of the underlying
green shale that were torn loose by scouring. At this
locality and also in sec. 3, Pease Township (pl. 144,
section 5), the greenish-gray shale in the main body of
the Morningview member is indistinguishable from the
greenish shale of the lower tongue that lies a few feet
below. Massive sandstone also crops out in southern
Belmont County in road cuts in secs. 4 and 10, Wayne
Township, in the east banks of Captina Creek in the
northwestern part of sec. 28, Washington Township
(pl. 14D, sections 3-5), and in east-central Belmont
County in the southeastern part of sec. 28, Pultney
Township (pl. 14C, section 5).

In northwestern Belmont County in southwestern
Union, northwestern Warren, and Kirkwood Town-
ships, the Morningview sandstone member appears to
coalesce with other sandstone beds that may be equiv-
alent in age to limestone beds of eastern Belmont
County (pl. 14B, sections 1-5). The exact thickness
of the Morningview cannot be determined in that area.

An isolated outcrop of a massive crossbedded chan-
nel-type coarse-grained friable sandstone is in the road
cut at the curve of State Highway 8 southwest of
Sewellsville in the northeast part of sec. 34, Kirkwood
Township (pl. 14B, section 1). This sandstone, which
is 23 feet thick, has limestone conglomerate 3 feet thick
at the base and apparently fills a channel cut into the
Benwood limestone member. The lateral extent of the
channel sandstone could not be determined. It appears
to have been formed by the coalescence of the Morn-
ingview and overlying sandstones, but it may be a
channe] of the Uniontown sandstone member.

The Morningview sandstone member ranges in grain
size from fine to medium. It is poorly sorted and
micaceous.

The shale and siltstone of the member vary from
grayish olive to grayish green. Where associated with
greenish shale, the sandstone is light greenish gray
because of included fine particles of green clay and
shale.

ARNOLDSBURG LIMESTONE MEMBER

Reger (1929, p. 140, 143) used the name “Arnolds-
burg” to designate the limestone and shale beds
between the “Fulton green shale’” and the Arnoldsburg
sandstone member in northern West Virginia. By
introducing the name “Arnoldsburg limestone,” Reger
restricted the Uniontown limestone member to the
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strata between the Arnoldsburg sandstone member and
the Uniontown coal bed. Originally the Uniontown
limestone member included all strata—limestone, shale
and sandstone—between the ‘“‘Fulton green shale” and
the Uniontown coal bed.

Stout (1931, p. 212), in a generalized section of the
Monongahela formation for Ohio, used the name
“Arnoldsburg” for the sandstone, limestone, and
calcareous shale beds between the “Fulton green shale’”
and the Uniontown limestone member. In this report
the Arnoldsburg limestone member includes only the
limestone and interbedded thin mudstone beds between
the Morningview sandstone and Arnoldsburg sandstone
members (pl. 14).

The Arnoldsburg limestone member ranges in thick-
ness from 5 to 22 feet. It is thickest in the southern
part of the county in Mead and York Townships and
thins to the north. In western Belmont County in
parts of Kirkwood Township, the limestone is absent
and its place is occupied by sandstone (pl. 14.B, sections
1 and 4). The member consists of 3 to 12 beds of
limestone separated by clay and calcareous shale.
Individual beds of limestone range in thickness from
a few inches to as much as 4% feet.

The beds of limestone contain silt and impurities
and in most places form slightly protruding ledges. In
eastern Belmont County the member contains from
5 to 8 feet above its base a massive bed about 2 feet
thick that weathers in conspicuous grayish-yellow
“pillow-shaped” boulders. In parts of Pease and
Colerain Townships, this bed is conglomeratic but has
the characteristic yellowish color. Other beds of the
Arnoldsburg limestone member are also conglomeratic
and in that respect resemble other limestones of the
Monongahela formation.

On fresh surfaces the Arnoldsburg member ranges
from medium to light brownish gray and light olive
gray, but after weathering it is yellowish gray.

The fauna of the Arnoldsburg limestone member
consists of diminutive high-spired gastropods, ostra-
codes, and Spirorbis.

ARNOLDSBURG SANDSTONE MEMBER

Hennen (1911, p. 57, 202-204) used the name
Arnoldsburg to designate a sandstone 25 to 45 feet
thick that lies 40 to 50 feet below the Uniontown
sandstone member at Arnoldsburg, Calhoun County,
W. Va. In Belmont County, Ohio, the top of the
Arnoldsburg sandstone member lies from 19 to 31 feet
below the Uniontown coal bed and from about 22 to
33 feet below the Uniontown sandstone member. The
stratigraphic position of the member in various parts
of Belmont County is shown on plate 14, and its
position in Belmont County relative to the position of .
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the Arnoldsburg sandstone of Hennen in the type area
is shown on plate 13.

The thickness of the Arnoldsburg sandstone member
in Belmont County ranges from 6 inches to 7% feet,
averaging about 3 to 4 feet (pl. 14). The average
thickness is greatest in northern Pease, northern
Colerain, and northern Wheeling Townships, but the
maximum thickness of 7% feet is in sec. 8, Goshen
Township (pl. 14C, section 3). Farther west in
Goshen Township (pl. 140, section 2) and also in
southeastern Kirkwood Township (pl. 14B, section 4)
several sandstone members have coalesced, and the
part equivalent to the Arnoldsburg may be thicker.

Characteristically in Belmont County the Arnolds-
burg sandstone member is greenish-gray micaceous fri-
able poorly bedded siltstone. However, in sec. 8,
Goshen Township, it is crossbedded sandstone (pl. 14C,
section 3), and farther west in western Goshen (pl. 19C,
section 2) and Kirkwood Townships (pl. 14B, sections
1,2, and 4) it is part of several sandstone members that
have coalesced. In the northwestern part of sec. 33,
Richland Township, a nodular bed of limestone lies
near the middle of the member (pl. 14B, section 6).
Two thin lenticular layers of gray clay that contain
carbonaceous bands are locally associated with the
member. One layer occurs locally at the top of the
member and the other at the base. In parts of eastern
Belmont County, a reddish-brown band of shale, one-
fourth of an inch or less thick, lies near the middle of
the member.

LITTLE CAPTINA LIMESTONE MEMBER

The Little Captina limestone member is a part of
the Uniontown limestone member of Stout (1929, p.
121) and is the upper part of the unit which he later
called the Arnoldsburg limestone member (1931, p. 212).
Stout’s Uniontown limestone member included, in addi-
tion to limestone, a very persistent sandstone, siltstone,
and shale unit that he later named the ‘“ Arnoldsburg
sandstone member’’ (1953, p. 325-347). In his 1953
report, Stout restricted the Uniontown limestone mem-
ber to the interval between the ‘ Arnoldsburg sandstone
member’’ and the Uniontown coal bed and included all
the limestone beds between this sandstone and the
“Fulton green shale” in the Arnoldsburg limestone
member. The ‘“Arnoldsburg sandstone member”’ of
Stout, which lies a few feet below the Uniontown coal,
does not appear to be equivalent to the Arnoldsburg
sandstone member of Hennen (1911) in Calhoun
County, W. Va., which lies 40 to 50 feet below the
Uniontown coal bed (pl. 13). The sandstone and silt-
stone unit 19 to 31 feet below the Uniontown coal bed
in Belmont County, which was named the Arnoldsburg
sandstone member on page 38 of this report, more
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nearly corresponds in stratigraphic position to the
Arnoldsburg sandstone of West Virginia. The “Arn-
oldsburg sandstone’” of Stout is renamed the McKeefrey
siltstone member. The limestone beds that lie between
the McKeefrey siltstone member and the Arnoldsburg
sandstone member are here named the Little Captina
limestone member for excellent outcrops north of the
mouth of Little Captina Creek in eastern York Town-
ship along State Highway 7 west of the Ohio River.
In the type area the Little Captina limestone member
lies 17 feet below the Uniontown coal bed and is 10 feet
thick. Plate 14D, section 9, shows the lithologic char-
acter of the member, its thickness, and its stratigraphic
relation to associated strata. With the exception of the
lower siltstone tongue of the Morningview sandstone
member, which crops out a short distance to the north,
all the strata shown in plate 14D, section 9, crop out
in the high cut of State Highway 7 at a point about
half a mile north of the mouth of Little Captina Creek.

The thickness of the Little Captina limestone
member ranges from 6 to 14 feet (pl. 14). In general
it is thickest in northeastern Belmont County and
thinnest in the central part of the county.

The member consists of 3 to 6 beds of limestone that
generally are separated by shaly clay partings, but in
places shaly clay and mudstone make up more than
half of the unit. In western Belmont County in south-
western Union, southeastern Kirkwood, and western
Goshen Townships, the place of the limestone is occu-
pied by sandstone (pl. 14 B and C).

The limestone is commonly impure and locally
conglomeratic. In places it is dense, hard, and re-
sistant, but in other places it weathers readily to clay.
Over most of southeastern Belmont County the mem-
ber has at the top a distinctive thin, jointed bed that
weathers to conspicuous “brick-sized’’ blocks.

The color of the limestone on fresh surfaces ranges
from medium gray to brownish gray and light olive
gray, but brownish- and olive-gray shades are pre-
dominant. In southern Belmont County the basal bed
is light brownish gray. In northeastern Belmont
County a bed in the upper part of the member weathers
conspicuous grayish yellow, but elsewhere the limestone
beds weather light olive to yellowish gray.

The fauna of the Little Captina limestone member
consists of diminutive forms of gastropods, ostracodes,
and Spirorbis.

MC KEEFREY SILTSTONE MEMBER

In the past the entire sequence between the Arnolds-
burg sandstone member and the Uniontown coal bed
has been designated as the ‘“Uniontown limestone.”
In the discussion of the Little Captina limestone mem-
ber, it was pointed out that the “Uniontown limestone’
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of earlier workers included a sandstone-siltstone-shale
unit. This unit is 5 to 30 feet thick. Field studies and
a review of the literature show that this sandstone-
siltstone-shale unit is persistent over wide areas in
Ohio, West Virginia, and Pennsylvania. Because of
its regional persistence, this unit is here named the
McKeefrey siltstone member for the excellent outcrop
on the west side of the Ohio River in the high
west bank of State Highway 7 in east-central sec. 3,
York Township, at a point half a mile S. 30° W. of
McKeefrey, W. Va.
siltstone about 17 feet thick, but about three-eighths of
a mile to the south for a distance of several hundred
feet along the highway, the member is a massive
channel sandstone about 30 feet thick. The sandstone-
filled channel cuts out all underlying strata to the top
of the Arnoldsburg limestone member. Plate 14D,
section 9, measured at the type locality, shows the
thickness of the member, its stratigraphic position
relative to other members, and the vertical extent of
the locally developed channel.

In Belmont County the top of the McKeefrey silt-
stone member lies from 6 inches to as much as 15 feet
below the Uniontown coal bed and is separated from
it in most places by the Uniontown limestone member
and by the underclay of the coal bed (pl. 14). Where
the limestone is absent, the sandstone member com-
monly is separated from the coal by a thin underclay,
but locally this clay is absent and the sandstone
member is overlain by the coal.

The McKeefrey siltstone member ranges from 5 to
30 feet in thickness, but averages about 10 feet. It is
thickest in the southern part of the county and thins
northward. Near the northern boundary of the county,
it is generally less than 10 feet thick (pl. 144).

Over most of the county the member is made up of
shaly siltstone containing lenses of massive siltstone or
fine sandstone (pl. 14). The typical lithologic character
is shown by the outcrop in the railroad cut in sec. 19,
Richland Township, where the member consists of 6
feet of shale overlain by 12 feet of shaly siltstone, the
top of which directly underlies the Uniontown coal bed.
Thin bands of coal are interbedded with the basal 6
feet of shale (pl. 14C, section 4). This is the only
place where coal was observed in the McKeefrey silt-
stone member, but clay with carbonaceous bands is
common at the base and separates the member from the
underlying Little Captina limestone member. Along
Jug Run north of St. Clairsville in sec. 11, Richland
Township (pl. 14B, section 7), the member consists of
massive crossbedded sandstone, 15 feet or more thick,
but because of cover, it was impossible to determine
whether this sandstone, like the one in York Township,
filled a channel. Along Cat Run in York Township, the
entire unit is made up of compact shale. In parts of

There the member is thin-bedded
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western Belmont County, the McKeefrey siltstone
member apparently is a part of several coalesced
sandstone members (pl. 148, sections 2 and 4).

The sandstone is olive gray to pale olive; the siltstone
ranges from dusky yellow to pale olive and grayish
olive. The shalein thelower part is commonly greenish
gray and over most of eastern Belmont County con-
tains a 4- to 6-inch reddish-brown streak near its base.
Along Cat Run in York Township, the shale that makes
up the member is a conspicuous grayish green. The
following is a detailed section of the McKeefrey silt-
stone member measured in the railroad cut south of
State Highway 147 in sec. 19, Richland Township
(pl. 140, section 4). This section also shows the litho-
logic character of other members that crop out in this
cut.

Monongahela formation: T.'hifk"“}n.
Uniontown sandstone member:
Sandstone, massive, medium- to coarse-
grained, highly micaceous, friable____ 124

Uniontown coal bed:

Coal, shaly, weathered_________________ 8
MecKeefrey siltstone member:

Siltstone, shaly; upper few feet silty mud-

Mudstone, greenish-gray, shaly_ _______ 2 1
Siltstone, finely laminated; laminae are
coal and seem to be vitrain bands;
contains thin lenses of fine-grained
sandstone__________________________ 4 0
Little Captina limestone member:
Limestone, olive-gray, massive, argilla-
ceous; splits to two beds because of
shaly parting; weathers to large
rounded boulders; weathers yellowish

gray to grayish yellow______________ 8 10
Limestone, olive-gray, siliceous, has iron-

oxide stains . _______________________ 1 9
Mudstone, shaly, calcareous____________ 1

Limestone, olive-gray, argillaceous; con-
contains abundance of ostracodes;
weathers to large rounded boulders.__

Arnoldsburg sandstone member:

Mudstone, silty; upper half greenish gray;
lower half dark gray and may be car-
bonaceous_ - _____________________ 6

Arnoldsburg limestone member:
Limestone, highly argillaceous; weathers

to shaly fragments__________________ 1 3
Limestone, argillaceous; thickness vari-

able_____________ L ____ 8
Mudstone, olive-gray to dark-green,

shaly . _____ L ____ 11
Limestone, argillaceous; thickness vari-

able; weathers to rounded boulders___ 1 2
Mudstone, olive-gray, shaly, calcareous.__ 6

‘Mudstone, silty, clayey; contains nodular,
silty limestone bed in upper half______ 1 8
Morningview sandstone member:!
Siltstone, shaly; upper 1% ft contains
calcareous nodules_ _____.___________ 6 9
1 Base of Morningview sandstone member lies 12 ft above the railroad tracks.
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UNIONTOWN LIMESTONE MEMBER

Franklin and W. G. Platt (1877, p. 55-104, 286, 292)
gave the name ‘“Uniontown limestone” to the upper
part of the “Great limestone,” which previously had
included all the limestone between the Sewickley and
Uniontown coal beds. Subsequently ‘“Uniontown
limestone” included all strata between the Benwood
limestone member (lower part of the ‘“Great limestone’’)
and the Uniontown coal bed. Reger (1929, p. 140;
143-144) and Stout (1953, p. 325-347) divided the
“Union limestone” into two members. They gave
the name ‘“Arnoldsburg limestone” to the lower
member and restricted the name ‘“Uniontown lime-
stone” to the upper member. In this report the
Uniontown limestone is further restricted to the
interval between the top of the McKeefrey siltstone
member and the base of the underclay beneath the
Uniontown coal bed.

The Uniontown limestone member ranges from a few
inches to 15 feet in thickness. It is thickest in Wheel-
ing, northern Richland, Colerain, and Pease Townships
in the northern and northeastern parts of the county
but thins to the south and southwest. The member
is absent over most of west-central, south-central, and
southeastern Belmont County. Plate 14 shows the
stratigraphic position of the member and its thickness
in various parts of the county.

The member includes from 1 to 7 beds of lenticular,
silty limestone interbedded with shaly clay, which,
locally, exceeds the combined thickness of the limestone.
The member is multiple bedded in the northern part of
the county but generally consists of & single bed in the
southern part. In places the limestone beds are
resistant and protrude as ledges, but at other localities
the limestone has weathered to clay. One or more beds
at most outcrops are either wholly or in part con-
glomeratic, but in places the fragments of limestone
are angular and the limestone beds are sedimentary
breccia rather than conglomerate.

The following section, measured in the east bank of
the highway near the southeast corner of sec. 6, Smith
Township, shows the lithologic character of the Union-
town limestone member and its relation to associated
strata:

Monongahela formation: thjhickm;:.
Waynesburg coal bed ; seen in small abandoned
mine above the highway cut.
Uniontown sandstone member:
Covered interval ... ... ___________ 19 O
Sandstone, thin-bedded, fine-grained. - __ 20 04

Uniontown coal bed:
Coal; variable in thickness; contains clay.
band 2%-in. thiek_ . _ . _ ... 1 9

Underclay: Thickness
Clay, calcareous; contains small limestone Ft. In.
pellets___ .. 1 7

Uniontown limestone member:
Limestone, olive-gray, argillaceous; upper

part conglomeratic__________________ 1 9
Mudstone, olive-gray, shaly, soft. .. .___ 1 0
Limestone, argillaceous, nodular____.___ 11
Mudstone, shaly, soft _ . - ____ . ________ 1 6

MecKeefrey siltstone member:
Siltstone, shaly, sandy; massive, cross-
bedded, channel sandstone west along
road eut__________________________. 9 6
Mudstone, olive-gray, hard _ . __________ 10
Little Captina limestone member:
Limestone, massive, argillaceous; con-
tains lenticular shaly zones; splits to

several beds laterally _ _______._______ 6 0
Limestone, yellowish-gray, argillaceous. .. 2 0
Covered interval ______ . ___________ 4 1

Level of highway.

Fresh surfaces of Uniontown are medium gray or
greenish gray, but weathered surfaces are light gray,
light olive gray, and yellowish gray.

The fauna consists of diminutive gastropods, ostra-
codes, and Spirorbis.

UNIONTOWN (NO. 10) COAL BED

Rogers (1858, p. 506) named the fourth well-defined
coal bed above the base of the Monongahela formation
the ‘“Uniontown’ for its exposures at Uniontown,
Fayette County, Pa. He described it as a benched
coal bed 200 feet above the Pittsburgh coal bed.
Stevenson (1878, p. 261-287) traced the bed in Belmont
County but incorrectly correlated it with the Waynes-
burg (No. 11) coal bed of Pennsylvania. Condit
(19186, p. 237) correctly identified this bed as the Union-
town. Locally it is erroneously called the No. 9 coal
bed.

The Uniontown coal bed, including local thick clay
and shale partings, ranges from a few inches to about
6 feet in thickness in Belmont County and is separated
from the underlying Uniontown limestone member by
impure underclay that ranges from a few inches to
5 feet in thickness. The thickness averages about 2
feet in an elongate area that extends northeast from
Wayne Township to Pease Township (pl. 15). Else-
where, with the exception of a small area in southern
Pultney Township, the Uniontown coal bed averages
less than 14 inches in thickness. '

In Belmont County the Uniontown coal bed is 90 to
110 feet above the base of the Sewickley coal bed and
34 to 63 feet below the base of the Waynesburg coal bed.

The coal is variable in thickness and contains several
clay, shale, or bone partings, which in many places are
thick enough to divide the bed into two or more benches.
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In sec. 15, Pease Township, at an outcrop in a cut
along U.S. Highway 40, a thin limestone parting is in
the central part of the bed. Plate 15 shows the thick-
ness and distribution of the bed and plate 16 contains
diagrammatic sections showing its lithology. Outside
of the 14-inch isopach line shown on plate 15, the coal
is not only thin but contains a greater number of
partings.

The quality of the coal is best along Bend Fork and
Jakes Run in Goshen, Wayne, and northwestern Wash-
ington Townships, where it is more than 3 feet thick
in a few places. Locally within' this area the bed con-
tains no partings and has been mined by farmers for
home use. Over most of this same area the Uniontown
coal can easily be mistaken for the overlying Waynes-
burg coal, which is thin and locally absent. The
Uniontown coal bed is also slightly thicker than average
in northern Smith, southwestern Richland, and Pease
Townships, where it has also been mined in a few
places for local use (pl. 16). The place of the coal is
occupied by clay containing carbonaceous bands in
York Township, southern Mead Township, south-
eastern Smith Township, and in most of Washington
Township. The underclay beneath the coal is light
gray in most places, but in the southwestern corner of
Belmont County, the underclay is grayish red.

Based on two analyses on the as-received basis of
samples that were taken along Bend Fork in the area
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of thickest coal, the Uniontown coal is of high-volatile
A bituminous rank, but the ash content of the coal is
relatively high. A detailed analysis for each of the two
samples is given in table 11.

UNIONTOWN SANDSTONE MEMBER

White (1891, p. 58-59) named the Uniontown sand-
stone member for exposures at Uniontown, Fayette
County, Pa., where this sandstone lies between the
Uniontown coal bed and the Waynesburg limestone
member. In the south-central and east-central parts of
Belmont County the Uniontown sandstone member
occupies the interval between the Uniontown coal bed
and the Waynesburg limestone member, but over most
of the central, north-central, and northeastern parts of
the county, where both the Waynesburg limestone mem-
ber and the Little Waynesburg coal bed are absent, the
Uniontown sandstone member lies between the Union-
town coal bed and the mudstone facies of the Gilboy
sandstone member. In the extreme western part of the
county where the mudstone facies of the Gilboy sand-
stone member pinches out, the Uniontown sandstone
member occupies the interval between the Uniontown
and Waynesburg coal beds except for the space occupied
by the underclay beneath the Waynesburg coal. In
southeastern Belmont County, where the Waynesburg
limestone member occupies the entire interval between
the Uniontown and Little Waynesburg coal beds, the

EXPLANATION

Approximate northwestern limit of the
Gilboy sandstone member

Approximate northwestern limit of the
Little Waynesburg coal bed. The coal
occurs locally in northeastern Union
Township west of this line

Approximate northwestern limit of the
Waynesburg limestone member
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FIGURE 17.—Map of Belmont County and diagrammatic section showing the areal distribution and stratigraphic relation of the Gilboy sandstone member, Little
‘Waynesburg coal bed, and Waynesburg limestone member of the Monongahela formation to the Uniontown sandstone member.
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Uniontown sandstone member is absent. In Belmont
County, therefore, the lower part of the Uniontown
sandstone member is equivalent in age to the Waynes-
burg limestone member and the Little Waynesburg coal
bed and the upper part is equivalent in age to the Gilboy
sandstone member. The cross section in figure 17 shows
the stratigraphic relation of the Uniontown sandstone
member to the Gilboy sandstone and Waynesburg lime-
stone members and to the Little Waynesburg coal bed.

The Uniontown sandstone member ranges in thick-
ness from a few inches in southeastern Belmont County
to 50 feet or more locally in the northeastern and
western parts, but it is generally 20 to 30 feet thick.
The range of thickness is shown in plate 17, which also
shows the stratigraphic position of the member and its
relation to the Waynesburg limestone member.

The Uniontown sandstone member in Belmont
County is made up of sandstone, shaly siltstone, and
shale and has no unique feature that distinguishes it
from other Pennsylvanian sandstones. It is irregularly
bedded and crossbedded and ranges from thin bedded
to massive. Generally the basal part of the member is
shale that grades upward to siltstone and sandstone.
In many places the shale was either partly or totally
removed by channeling and by scouring action when
the overlying massive sandstone was deposited. The
distribution of the sandstone, siltstone, and shale is
somewhat irregular, but in general, the most massive
and coarsest grained sandstone lies in the western half
of the county.

The most massive part of the member occurs in
south-central Belmont County, where thick crossbedded
sandstone crops out along Bend Fork in sec. 1, Goshen
Township; sec. 6, Wayne Township, and sec. 36, Wash-
ington Township; and along Jakes Run in secs. 18 and

24, Wayne Township. Farther southwest, prominent

lenses crop out in the northeastern part of sec. 26 and
in the western part of sec. 21, Somerset Township,
and in sec. 30, Warren Township. North of these out-
crops much of the Uniontown sandstone member has
been removed by erosion, but in southwestern Kirk-
wood Township massive Uniontown caps an isolated
hilltop in sec. 26 above the roadside park and forms a
pinnacle at the end of a long ridge in the center of sec.
27. The massive sandstone in sec. 34, Kirkwood
Township, that is discussed on page 38 might be a
channel remnant of the Uniontown sandstone member
(pl. 14B, section 1). In eastern Belmont County mas-
sive Uniontown is restricted to the southeastern part of
sec. 27, Pease Township, the northeastern part of sec.
5, Pultney Township, and the south-central part of
sec. 9, Richland Township, where excellent outcrops
occur along the railroad cut at the Saginaw mine. At
this locality the irregularity of the sandstone is easily
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seen. About half a mile east of the Saginaw mine, the
massive sandstone pinches out in the railroad cut near
the southwestern corner of sec. 3, Richland Township.
The massive Uniontown sandstone member commonly
has an undulatory base that lies from a few inches to
several feet above the Uniontown coal bed.

Elsewhere the Uniontown sandstone member con-
sists of interbedded shaly or flaggy fine-grained sand-
stone and shaly siltstone locally containing lenticular
massive layers which protrude as ledges. The upper
part of the member generally consists of shaly siltstone
that grades into the underlying, coarser grained part of
the member. In places the sandstone is even bedded,
as in the bank of U.S. Highway 250 just south of the
two hairpin curves near the northwestern corner of sec.
28, Pease Township.

The sandstone is micaceous and poorly sorted; its
grain size ranges from fine to coarse, but is generally
fine to medium. It is gray on fresh exposures and tan
on weathered outcrops. The siltstone and shale ranges
from light olive gray to dusky yellow.

Locally casts and molds of Cordaites and Calamites
are in the Uniontown sandstone member. The shale,
generally at the base of the member, contains a pro-
fusion of Neuropteris remains in places. The two
best plant fossil localities are the road cut that runs
north from Martins Ferry to the City Memorial Park
in southeastern sec. 24, Pease Township, and the bank
of a small draw in the NW%SWY sec. 3, Pease Town-
ship. Noteworthy is the lack of plant forms other than
Neuropteris.

WAYNESBURG LIMESTONE MEMBER

Stevenson (1877, p. 35) named the limestone between
the Uniontown sandstone and the Little Waynesburg
coal bed the ““ Waynesburg’ for its exposures at Waynes-
burg, Greene County, Pa. In southeastern Belmont
County it extends downward to the top of the Union-
town coal bed.

The thickness of this limestone member in Belmont
County ranges from a few inches to 31 feet (pl. 17).
It is thickest in the southeastern part of the county in
York and Washington Townships, but it thins toward
the north and west and is absent in Somerset, Warren,
Kirkwood, Flushing, Union, Goshen, Wheeling, and
Colerain Townships.

In the southeastern part of the county, where the
Waynesburg limestone member is thickest, the member
consists of several limestone beds, 6 inches to 2% feet
thick, interbedded with shaly clay and soft shale,
which commonly make up about half the total thickness.
To the west and north, a tongue of the Uniontown
sandstone member splits the limestone into two parts.
The lower part, which is rarely more than 3 feet thick,
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overlies the Uniontown coal bed and consists of 2 or
more nodular beds. These lower beds thin westward
and northward and are not present north of central
Mead Township or west and north of Washington
Township. The upper part of the member, which
also thins to the west and north, generally consists of
several massive beds and interbedded clay, but in the
central part of sec. 9, Smith Township, it is limestone
conglomerate that ranges from 1 to 4 feet in thickness.
The conglomerate and the overlying Little Waynesburg
coal bed are well exposed in the bank of Williams Creek
north of the road intersection. Where the Waynesburg
limestone member occupies the entire interval between
the Uniontown and Little Waynesburg coal beds or
where the lower part of the Waynesburg member is
present, the place of the Uniontown coal bed is occupied
by clay containing carbonaceous bands indicating a
basin depth too great for swamp development. The
best outcrops of the Waynesburg limestone member
are along the road cuts adjacent to Wegee Creek in
Mead Township and along Peavine and Crabapple
Creeks in Washington Township. The stratigraphic
position of the member is shown in plate 17, and its
areal distribution is shown in figure 17. Following is a
detailed section measured in the south bank of Wegee
Creek in the southeastern part of sec. 14, Mead Town-
ship:
Monongahela formation: Fz'hwkmf;’;_
Little Waynesburg coal bed - covered.
Waynesburg limestone, member
tongue):
Limestone, light-olive-gray, massive, ar-,
gillaceous; contains undulating shale

(upper

parting; conglomeratic laterally . ______ 3 6
Mudstone, olive-gray; weathers semi-

shaly ___ .. 3 5
Limestone, nodular, silty . . ___________ 11
Limestone, light-olive-gray, silty, hard; )

weathers light brown__._____________ 1 2
Mudstone, semishaly; contains thin no-

dular limestone bed at base___________ 1 0
Limestone, massive, silty; has thin shaly

parting 8in. above base_.____________ 2 4
Mudstone, dusky-green_._.._____.______ 4
Limestone, argillaceous_ .. _____________ 8

Uniontown sandstone member:
Siltstone, dark-greenish-gray, semishaly
to shaly; contains limestone nodules in
upper part_ o ______ 4 5
Siltstone, shaly, blocky; upper part more
sandy and massive; grades laterally to
sandstone... ..o _.__._____ 9 0
Shale, greenish-gray_ . _________________ 1 0
Waynesburg limestone member (lower tongue) :
Limestone, two thin beds, nodular, ar-

gillaceous_ - ___________________.__ 9
Uniontown coal bed:
Claystone, containing carbonaceous

The limestone beds contain clay and silt impurities
and are locally conglomeratic. The more massive beds,
which underlie the Little Waynesburg coal bed, are
relatively resistant and commonly form ledges. The
Waynesburg limestone member is separated from the
Little Waynesburg coal in most places by 1 to 3 feet of
impure underclay.

The color of the limestone beds ranges from medium
gray to shades of olive and greenish gray on fresh
exposures and from light olive to yellowish gray on
weathered surfaces.

The fauna consists of diminutive forms of gastropods
and Spirorbis.

LITTLE WAYNESBURG COAL BED

White (1891, p. 58) used the name “Little Waynes-
burg” for a thin coal bed that lies below the Waynesburg
coal bed in southwestern Pennsylvania. He states that
the coal bed was named by-dJ. J. Stevenson but gives no
reference to the publication. In Belmont County the
Little Waynesburg coal bed overlies the Waynesburg
limestone member or the Uniontown sandstone member
where the limestone is absent and lies from 12 to 27
feet below the Waynesburg coal bed. The average in-
terval between the two coal beds is about 15 feet.

The thickness of the Little Waynesburg coal. bed
ranges from a fraction of an inch to about 6 inches. It
is absent in most of northern and western Belmont
County. The Little Waynesburg coal bed consists of
clay with carbonaceous streaks or a few inches of
banded coal. It is thickest in York, Mead, Washington,
and Wayne Townships. Plate 17 shows its stratigraphic
position, and figure 17 shows its areal distribution.

GILBOY SANDSTONE MEMBER

White (1891, p. 58) gave the name “Browntown’ to
the sandstone that occupies the interval between the
Waynesburg and Little Waynesburg coal beds at
Browntown, Harrison County, W. Va. He stated that
it was sometimes called the “Gilboy”’ sandstone from a
rocky cut of that name near Mannington, Marion
County, W. Va. White subsequently (1903, p. 150)
changed the name to Gilboy sandstone because a sand-
stone unit of Early Pennsylvanian age in Kanawha
County, W. Va., had already been named Browntown
sandstone.

In the southern and east-central parts of Belmont
County, the Gilboy sandstone member occupies the in-
terval between the Little Waynesburg and Waynesburg
coal beds. In the west-central and northern parts of
the county, where the Little Waynesburg coal bed is
missing, a mudstone facies of the member lies between
the Uniontown sandstone member and the Waynesburg
coal bed. In the western part of the county, the Gilboy
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sandstone cannot be recognized because it forms a con-
tinuous sequence with the Uniontown sandstone mem-
ber. The areal distribution and facies of the member
are shown in figure 17, and its stratigraphic position is
shown in plate 18.

The average thickness of the Gilboy sandstone mem-
ber is about 15 feet, but the member has a maximum
thickness of 29 feet near the southeastern part of
Bélmont County (pl. 18).

The lithologic character of the member varies from
southeast to northwest across the county. Sandstone
and siltstone are the predominant components in the
southern and east-central parts of the county and mud-
stone in the central and northern parts (fig. 17). The
sandstone in the southern and eastern parts of the
county is irregularly bedded, shaly to flaggy, fine
grained, and micaceous and is generally interbedded
with shaly siltstone. Locally, lenses of massive me-
dium- to coarse-grained crossbedded sandstone are in-
terbedded with the finer grained sandstone and siltstone.
In some places the entire member is siltstone, and in
southwestern Pultney and southern Richland Town-
ships (pl. 18, sections 8 and 9), several limestone beds
interbedded with clay are in the upper part of the mem-
ber. Limestone also occurs in the upper part of the
member in the creek bank near the southeastern corner
of sec. 4, Richland Township.

The mudstone facies, which is best developed in
Smith, southern Richland, Union, and Goshen Town-
ships, is silty and friable and contains impure nodules
and stringers of limestone. This mudstone, which is
characteristically olive gray to yellowish gray, grades
upward into the impure underclay beneath the Waynes-
burg coal bed. The following section, measured in the
north bank of U.S. Highway 40 near the center of the
northeastern part of sec. 32, Union Township, shows
both the lithologic character of the mudstone facies of
the member and the relation of it to the overlying
Waynesburg coal bed.

Thickness
Ft. In.

Monongahela formation:
Waynesburg sandstone member:
Sandstone, shaly, fine-grained; stained by
iron oxide, contains thin massive ledge;
contains carbonized plant remains. . _ _ 12 04
Clay, gray, shaly, silty _ _______.________ 3
Waynesburg coal bed:
Coal, shaly, bony_____________________ 9
Coal, banded, cleated . _ . ______________ 2 0

Underclay:
Clay, gray, silty; contains carbonaceous
bandsintop-_.___-_________________ 2 0
Gilboy sandstone member (mudstone facies):
Mudstone, olive-gray; heavily stained by
iron oxide; contains limestone nodules;

base concealed; measured to road level_ 12 0+
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About half a mile west the lower part of the upper-
most sandstone in the above section and also the upper
part of the underlying Uniontown sandstone member
crop out in the south bank of U.S. Highway 40.

The mudstone facies is thin and is poorly exposed in
most places in Pease, Colerain, Wheeling, and northern
Richland Townships.

WAYNESBURG (NO. 11) COAL BED

Rogers (1858, p. 506-507) named the Waynesburg
coal bed for exposures around Waynesburg, Greene
County, Pa. White (1891, p. 20-40; 57) lowered the
Pennsylvanian-Permian boundary from the top of the
Waynesburg sandstone to the top of the Waynesburg
coal bed and thereby made this coal bed the uppermost
unit in the Monongahela formation. Stevenson (1878,
P. 261-287) used numbers to designate the various coal
beds in Belmont County and assigned No. 11 to the
coal that he thought was the Waynesburg of Pennsyl-
vania. The No. 11 coal of Stevenson, however, is now
known to be the Uniontown bed and his No. 12 coal is
the Waynesburg. The coal beds in Ohio were renum-
bered and Stevenson’s No. 12 bed was changed to
No. 11, the present number of the Waynesburg coal
bed. Condit (1916, p. 237) correctly correlated this
bed with the Waynesburg coal bed of Pennsylvania.
Locally the Waynesburg coal is erroneously called the
No. 10 coal bed.

In Belmont County, the top of the Waynesburg coal
lies from 230 to slightly more than 260 feet above the
base of the Pittsburgh coal. It is separated from under-
lying sandstone members by an impure grayish under-
clay, which ranges from a few inches to about 4 feet
in thickness. In southwestern Somerset Township
this clay contains a reddish-brown layer.

The thickness of the Waynesburg coal bed is variable
and ranges from a few inches to as much as 60 inches
in Belmont County. Its average thickness is more
than 42 inches in central and southern Richland, east-
central Smith, western Wheeling, and western Colerain
Townships, but it thins to the east, south, and west
except for small isolated areas in western Mead and
eastern Pultney Townships, where its average thickness
also exceeds 42 inches. The bed is less than 14 inches
thick in parts of Mead, York, and Washington Town-
ships in southeastern Belmont County, and in parts of
Wayne, Goshen, Somerset, and Warren Townships in
the southwestern part of the county. Its thickness is
also less than 14 inches in most of Kirkwood and
Flushing Townships in northwestern Belmont County.
Plate 19 contains diagrammatic sections showing its
thickness and lithologie character, and plate 20 shows
its areal distribution and thickness.
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‘The Waynesburg coal generally contains several
thin clay partings, principally in the lower half of the
bed (pl. 19). In the eastern half of the county a band
of shaly impure coal makes up the top 1 to 6 inches of
the bed. This persistent band of impure coal grades
westward into coaly shale, bone, and carbonaceous
shale, and in Warren, Kirkwood, and Flushing Town-
ships, the shale and bone make up more than half of
the total thickness of the bed.

In southeastern Goshen Township at location 524,
plate 19, the coal bed is absent, and in its place is a
yellow and reddish-brown material that resembles
flint clay. The bed is also absent locally in north-
western Washington, northern Wayne, and southern
Goshen Townships, where it was either eroded in
channels prior to the deposition of the overlying
Waynesburg sandstone or was never deposited.

The Waynesburg coal bed in Belmont County is of
high-volatile A and B bituminous rank and is relatively
bigh in ash content. Detailed analyses of the coal are
given in table 11. On the as-received basis, analyses
of 11 samples indicate an average heating value of
11,628 Btu, ash content of 15.0 percent, and sulfur
content of 3.0 percent.

PENNSYLVANIAN AND PERMIAN ROCKS

DUNKARD GROUP, WASHINGTON AND GREENE
FORMATIONS UNDIFFERENTIATED

HISTORY OF NAMES

In the Appalachian coal field, strata now classified
as Permian in age were originally included in the
“Pittsburgh series’” by Rogers (1839, p. 88-108). In
1840 Rogers (p. 150) changed the name to ‘“Monon-
gahela series” but did not subdivide the strata. Later
he (1858, p. 14-20) revised the series and named the
900-1,000 feet of strata above the Waynesburg sand-
stone in QGreene County, Pa., the “Upper Barren
group.”

Stevenson (1876, p. 35-56) named these rocks the
“Upper Barren series” and subdivided them into two
groups. He used the name “Washington County
group’’ for the beds between the top of the Waynesburg
sandstone and the top of the “Upper Washington lime-
stone” in Washington County, Pa., and used the name
“Greene County group” for all the beds above the
“Upper Washington limestone” in Greene County, Pa.
Fontaine and White (1880, p. 29-32) redefined the
lower boundary of the “Upper Barren” of Rogers and
Stevenson by lowering it from the top of the Waynes-
burg sandstone to the top of the Waynesburg coal bed.
They stated (p. 119-120) that, on the basis of fossil
plants, the “Upper Barrens” of the Appalachian coal
field were Permian in age. White (1891, p. 20) revised
the nomenclature of the ‘“‘Upper Barrens’’ by renaming
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these strata the “Dunkard Creek series” for exposures
along Dunkard Creek in Greene County, Pa. He
described the series as follows:

The rocks of these series (Upper Barren measures, No. XVI)
begin with the roof shales of the Waynesburg coal and extend
upward to the topmost beds of the Appalachian region.

* % * Several independent measurements from the highest
accessible summits foot up a little more than 1,150 feet for the
thickness of the series and it is certain that no other localities
could exceed this by more than 100 feet.

Subsequently, “Dunkard Creek series” was shortened
to Dunkard group. This group includes the Washing-
ton and Greene formations, which are the “Washington
County” and ‘“Greene County” groups of Stevenson.

White (1891, p. 28-29) correctly identified the
Waynesburg coal bed in describing sections in Monroe
and Washington Counties, Ohio. He also stated that
the strata above the Waynesburg coal bed in Ohio
were equivalent to the ‘“Dunkard Creek series” of
Pennsylvania.

Prosser (1905, p. 2, 5, 6, 7) accepted White’s corre-
lation of the rocks above the Waynesburg coal bed in
Ohio with the “Dunkard Creek series” of Pennsylvania
but called the Permian rocks of Obio the ‘“Dunkard
formation.”

Stauffer and Schroyer (1920, p. 15-16) subdivided
the Permian strata of Ohio into the Washington and
Greene formations which they placed in the “Dunkard
series.”” Their statement concerning this subdivision
is as follows:

In this State, as in Pennsylvania, the Dunkard series may be
separated into two distinet formations. Following the usage of
the United States Geological Survey, these may be called the
Washington and the Greene formations. The former begins
with the shales above the Waynesburg coal bed and ends with
the Upper Washington limestone. The latter includes the re-
mainder of the series. In Belmont and adjacent counties, the
line of separation between these two formations is fairly well
marked because of the presence of the limestone, but southward
from Washington County, where this fails, it is rather hard to
trace. However, it may still be continued southward by the
use of the Jollytown ‘“A’”’ coal horizon or base of the Jollytown
sandstone.

In a footnote below the above statement, they
describe the Jollytown “A” coal bed as follows:

This is the coal which I. C. White called the Jollytown coal,
* % * but it does not agree in position with the one to which
that name was originally applied by J. J. Stevenson, * * * the
latter lying 60 to 70 feet lower in the Pennsylvania sections.
The coal here indicated, however, appears to be much more
persistent than Stevenson’s Jollytown, but to avoid confusion
it will be designated the Jollytown “A” coal in this report.

Plate 21, sections 9 and 10, shows the difference
between the Greene County sections of Stevenson and

White.
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Unfortunately, the Jollytown “A” coal bed in Bel-
mont County lacks the persistence and definitive
character attributed to it by Stauffer and Schroyer.
The coal occurs sporadically, is nowhere more than a
few inches thick, and is readily obscured by weathering.
Locating the Jollytown, ““A” coal bed, therefore, is
difficult and must be done at most places by considerable
searching and digging at a stratigraphic interval of
about 100 to 120 feet above the Washington coal bed.
Where the place of the coal is taken by clay a few inches
thick, the problem of correlation is even more difficult.

The criteria used by previous workers in correlating
the strata above the Washington coal bed in Belmont
County with the type Dunkard section in Pennsylvania
are not known; however, diagnostic fossils and distinc-
tive marker beds are lacking. Previous workers
apparently assumed that the coal overlying the third
limestone above the Washington coal bed in Belmont
County was equivalent to White’s Jollytown coal,
which overlies the third limestone above the Washington
coal bed on Dunkard Creek in Pennsylvania. The
interval between the Washington coal and White’s
Jollytown coal on Dunkard Creek is 267 feet (pl. 21,
section 9). In Belmont County the interval between
the Washington and the Jollytown “A’ coals averages
only 110 feet. (See pl. 21, which shows, in addition to
White and Stevenson’s sections of the Permian strata
above the Washington coal bed in southwestern Penn-
sylvania, sections above the Washington coal bed in
Belmont County, and tentative correlations of these
strata with the ‘Permian” of Pennsylvania.) In
correlating the coal bed, therefore, previous workers
must have assumed that the strata thinned westward.

Past correlations of the Permian strata of Belmont
County, Ohio, with the formations and members of
the Dunkard group of Pennsylvania do not seem
satisfactory on the basis of present data. Stevenson
and White did not agree on the stratigraphic position
of the Jollytown coal, and later workers in adjoining
areas have not been consistent in their correlations
even within relatively small areas. The Jollytown
“A” coal bed of Ohio may be the equivalent of the
Washington “A” coal bed of Pennsylvania, or it may
be absent in Pennsylvania. One of the uppermost
coals in Belmont County may be equivalent to White’s
Jollytown coal of Pennsylvania, but probably the
Jollytown equivalent has been removed by erosion from
Belmont County, if it was ever deposited. If correla-
tions suggested in this report are correct, very little if
any of the Greene formation is present in Belmont
County. However, more data are needed to sub-
stantiate this.
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If one assumes that the problem of the relations of
the Ohio Jollytown “A” coal bed to White’s Jollytown
coal bed did not exist, the Permian strata in Belmont
County do not possess lithologic differences that
warrant subdivision into two formations. In this
report, therefore, strata above the Waynesburg coal
bed in Belmont County are called the Dunkard group,
Washington and Greene formations undifferentiated.

Plant remains are scarce in the Dunkard strata of
Belmont County, and no faunal remains that clearly
indicate Permian age have been found. Though
Fontaine and White were satisfied that all strata above
the Waynesburg coal throughout the northern Appa-
lachian basin were of Permian age, not all geologists
have agreed fully with their conclusion. KEssentially
the controversy has arisen because of different inter-
pretations of the floral data in a conformable sequence
whose age relations are clearly transitional. Fontaine
and White felt that plants with Permian affinities
appeared as low as the Conemaugh formation and that
these types became predominant above the Waynesburg
coal. Others have contended that, inasmuch as
Callipteris conferta, a diagnostic Permian plant through-
out the world, has never been found in the northern Ap-
palachian basin below the Washington coal bed of the
Washington formation, rocks below that horizon should
be designated as Pennsylvanian rather than Permian.
Recently Cross (1958) concluded from an extensive
study of Dunkard group flora, including spores, that
plant species from the Allegheny formation of Pennsyl-
vanian age, upward through the Dunkard group, indi-
cate a gradual dying out of Pennsylvanian forms with
the addition of only a few new forms that might be
considered Permian. His report stresses the weathered
and fragmentary condition of many of the collections
from the Dunkard, but he summarizes his findings with
the statement, “We do have a stable basis for some
revision of the existing record.” Based on Cross’
study of the flora, the Pennsylvania Geological Survey
had planned to redesignate the Washington formation
as Pennsylvanian in age and to reclassify the Greene
formation as Pennsylvanian and Permian on the forth-
coming new geologic map of Pennsylvania. On Novem-
ber 1, 1959, representatives of the U.S. Geological
Survey and representatives of the Pennsylvania, Ohio,
and West Virginia Geological Surveys met in conference and
formally revised the age of the Dunkard group. Hence-
forth, the Washington formation (lower part of Dunkard
group) will be designated as Pennsylvanian and
Permian in age and the Greene formation as Permian.
In this report strata above the Waynesburg coal bed
are classified as Washington and Greene formations
undifferentiated of Pennsylvanian and Permian age.
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DISTRIBUTION

Rocks of the Dunkard group crop out in every
township in Belmont County, but the most extensive
deposits are in the southeastern part. The base of
the group lies well down on the ridge slopes in York,
Mead, and Washington Townships, but because of the
dip, the elevation of the base increases gradually
toward the northwest; therefore, more of the Dunkard
group has been removed by erosion toward the west.
In the extreme western part of Belmont County in
northern Warren, southeastern Kirkwood, and western
Flushing Townships, the lower few feet of the Dunkard
group form small isolated cappings on the tops of the
highest ridges.

THICKNESS

Only the lower 475+ feet of Dunkard strata remain
in Belmont County, as the upper part of the group
has been removed by erosion. The Pennsylvanian and
Permian rocks are thickest in York Township and thin
progressively by erosion to the northwestern corner of
the county where the Pennsylvanian and Permian
strata are missing altogether.

GENERAL CHARACTER

The Dunkard group in Belmont County consists
of interbedded sandstone, siltstone, shale, mudstone,
clay, limestone, and coal. These strata were deposited
in a cyclic pattern as were the rocks of Pennsylvanian
age, so that each lithologic tvpe is repeated vertically.
The lithologic components also intergrade laterally
as do those of Pennsylvanian age.

The sandstone ranges from massive to shaly and is
commonly interbedded with siltstone. The thickest
and most massive sandstone beds are in the lower half
of the group in the southern part of the county. Above
the Jollytown “A” coal bed, the sandstone is shaly
to flagey bedded and grades laterally into siltstone
at many places. The sandstone beds of the Dunkard
are micaceous, poorly sorted, and generally fine to
medium grained, and in most places they overlie the
coal beds or the carbonaceous clays that, in places,
occupy the horizon of the coal beds.

The limestone beds are commonly thin and make up
about 13 percent of the total thickness. In north-
eastern Belmont County, however, the interval between
the Washington and Jollytown ‘A’ coal beds contains
4 limestone members that constitute as much as 40
percent of the strata in this interval (pl. 22). The
sequences of limestone generally underlie the coal
beds, but limestone beds are interbedded with the
sandstone and siltstone above the Waynesburg,
Waynesburg “A,” and Washington coal beds in eastern
Belmont County.
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The mudstone beds are associated with sequences
of limestone, and they seem to be a transition between
the shale at the top of the sandstone beds and the
overlying limestone. Locally mudstone takes the
place of an entire sequence of limestone.

The limestone is lenticular, and beds may be either
massive or nodular. Where several beds occur together,
they are separated by partings of clays, shale, or
mudstone. Most of the limestone beds contain some
clay and silt as impurities.

Underclays generally lie directly beneath the coal
beds and are soft and plastic. These underclays are
thin and impure and unsuitable for commercial use.

The coal beds are thin, impure, and discontinuous.

An exception is the Washington coal bed, which is
persistent throughout the county, and locally is more
than 4 feet thick. The thin coal beds are represented
at many places by coaly to carbonaceous shale or by
carbonaceous clay. The intervals between the coal
beds are uniform in the Dunkard group, as in the
Monongahela, and rarely vary more than 1 to 2 feet
per mile.

The Pennsylvanian and Permian strata resemble the
Conemaugh formation in the occurrence of red beds
and in the thinness of coal beds. All the red beds are
above the Washington coal bed, with the exception of
a few reddish blotches in the clay associated with the
Waynesburg “A” coal bed. The most prominent zone
of red rock is the mudstone which takes the place of
the upper tongue of the Middle Washington limestone
member in southern Belmont County. Beds of red
mudstone or red shale overlie the thin coals above the
Washington coal bed.

DESCRIPTION OF MEMBERS

Previous workers have divided the Dunkard group
into a number of members on the basis of lithologic
differences. A total of 16 members and 7 coal beds
are recognized in Belmont County. They are listed
below in descending order:

Hendershot coal

Powhatan Point limestone

Big Run coal bed

Dilles Bottom limestone

Aults Run sandstone

Jollytown “A’’ coal bed

Upper Washington limestone

Upper Marietta sandstone

Washington ‘A’ coal bed(?)

(Upper tongue) Middle Washington limestone
Middle Marietta sandstone

(Lower tongue) Middle Washington limestone
Lower Marietta sandstone

Lower Washington limestone
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Washington coal bed

Bristol limestone of Hennen (1912)

Washington sandstone

Little Washington coal bed

Mannington sandstone of Grimesley (1909)

Waynesburg “A’’ coal bed

Mount Mozrris limestone

Wegee limestone

Elm Grove limestone

Waynesburg sandstone

The stratigraphic relation of these units is shown in

plate 2.

Few changes were made in the nomenclature of the
strata between the Waynesburg sandstone and the
Jollytown “A” sandstone, except for recognizing that
the Middle Washington limestone splits into lower and
upper tongues in Belmont County and except for
naming a new member, the Wegee limestone, which is
in the lower part of the Dunkard group just above the
Elm Grove limestone member. The correlation of the
members between the Lower Washington limestone and
the Jollytown “A” coal bed in Belmont County with
members of the same name in the Dunkard Creek
section in Pennsylvania is doubtful, but until a detailed
regional study of these strata is made, the substitution
of new names for the entire Ohio section would do no
more than add to the existing confused state of the
nomenclature of the Pennsylvanian and Permian strata
of the Eastern United States. New local names are
introduced above the Jollytown “A”” sandstone because
with present data it is impossible to attempt a correla-
tion of the relatively thin beds in Ohio with named
strata in West Virginia and Pennsylvania.

WAYNESBURG SANDSTONE MEMBER

The Waynesburg sandstone was named by Stevenson
(1873, p. 16) for its exposures near Waynesburg, Pa.
He designated it as the uppermost unit in the “Upper
Productive Coal Measures” or Monongahela formation.
Fontaine and White (1880, p. 29-32) reassigned the
Waynesburg sandstone member to the Washington
formation of the Dunkard group, which they designated
as Permian in age on the basis of plant fossils found in
the shale beds that separate the Waynesburg sandstone
member from the underlying Waynesburg coal bed at
Cassville, W. Va. Plant-bearing shale beds were not
seen above the Waynesburg coal bed in Belmont
County.

The Waynesburg sandstone member occupies the
interval between the Waynesburg coal bed and the
Mount Morris limestone member in western Belmont
County. In the eastern part of the county, the lower
part of the member, which in places consists of shale,
clayey shale, and clay, is interbedded with the Elm

Grove and Wegee limestone members. Plate 23 shows
the character and the stratigraphic relation of the
sandstone to the two limestone beds which are, in part,
stratigraphic equivalents. Locally in northwestern
Wayne, southwestern Goshen, northwestern Washing-
ton, and southeastern Warren Townships, the overlying
Mount Morris limestone and Waynesburg “A” coal
bed are absent, and the Waynesburg and Mannington
sandstone members merge.

The member ranges in thickness from 16 feet in
western Somerset Township (pl. 23, section 9) to more
than 40 feet in parts of Wayne and Smith Townships
(pl. 23, sections 11-14).

The Waynesburg sandstone member consists mostly
of sandstone and siltstone but in places contains shale
and mudstone. The sandstone is lenticular, thin to
thick bedded, irregularly bedded, and commonly
crossbedded.

The typical irregularly bedded character of the
Waynesburg sandstone member is obvious at the
outerop in the railroad cut at Belmont. The sandstone
at that outcrop apparently was deposited as part of
a delta that was transgressing eastward. Massive
lenses of channel sandstone, 5 to 10 feet thick, occur
locally in secs. 19 to 25, Goshen Township, and sec. 5,
Pultney Township.

The siltstone is platy and generally interbedded
with sandstone. Siltstone and some shale make up
a large percentage of the lower part of the Waynesburg
sandstone member in eastern Belmont County.

The sandstone and siltstone are separated from the
underlying Waynesburg coal bed in most places by
shale or shaly clay from -a few inches to several feet
thick. Along Welsh Run in sec. 36, Richland Town-
ship, platy silty shale, as much as 6 to 7 feet thick,
forms the basal part of the member, and because of its
incompetence makes underground mining of the under-
lying Waynesburg coal bed difficult. The shale and
clay above the coal bed grade upward to siltstone and
sandstone, but locally the shale and clay have been
channeled and scoured away and massive sandstone
lies directly on the Waynesburg coal bed. The upper
part of the Waynesburg sandstone member grades
upward into the shale and inudstone associated with the
overlying Mount Morris limestone member. In west-
ern Richland, northern Goshen, and Union Townships
in central Belmont County, approximately the upper
third of the member is gray to greenish-gray impure
clay or mudstone that locally contains reddish blotches
and calcareous nodules (pl. 23, section 1).

The sandstone and siltstone beds are gray, but
weather brown to olive gray. The grain size ranges
from fine to coarse, but is predominantly fine.
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EXPLANATION

Approximate northwestern limit
of the Wegee limestone member

Approximate western limit of the
Elm Grove limestone member

10 10 MILES
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Waynesburg Wegee limestone member
sandstone Elm Grove e e e = =
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Waynesburg coal bed

NOT TO SCALE

FIGURE 18.—Map of Belmont County and diagrammatic section showing the areal distribution and stratigraphic relation of the Wegee and Elm Grove limestone members
of the Dunkard group to the Waynesburg sandstone member and to the Waynesburg coal bed.

Both the sandstone and the siltstone contain abun-
dant mica and, like the underlying sandstone beds of
the Conemaugh and Monongahela formations, are
poorly sorted.

ELM GROVE LIMESTONE MEMBER

The lower of the two limestone members interbedded
with the lower part of the Waynesburg sandstone mem-
ber in the eastern third of Belmont County (pl. 23) is
a correlative of the Elm Grove limestone, which was
named by Grimsley (1907, p. 68-69) for its outcrops at
Elm Grove, W. Va.

The Elm Grove limestone member in Belmont
County consists of one to three or more closely spaced
beds having a combined thickness ranging from 1 to 7
feet. Its areal distribution is shown in figure 18. The
limestone lies from 1 to 8 feet above the Waynesburg
coal bed and is generally separated from the coal by
clayey shale, which is locally replaced by silty shale,
siltstone, or fine-grained sandstone. The clay, shale,
siltstone, and sandstone are a tongue of the Waynes-
burg sandstone member.

Most of the beds in the Elm Grove limestone member
are argillaceous and disintegrate rapidly upon weather-
ing. The uppermost bed, however, is resistant and
forms a distinctive angular ledge. This limestone bed
contains silty laminae that are resistant to erosion and
stand out as ridges on weathered surfaces. Locally

this bed contains shaly carbonaceous partings an inch
or so thick. After prolonged weathering the bed
breaks into large slabs resembling ‘“flagstone.” The
upper bed is 3% feet thick along the east branch of
Moore Run in sec. 35, York Township. The following
section measured at an abandoned mine just east of
the road in the SWY% NWY% sec. 14, Mead Township,
shows the lithologic character of the member and its
relation to associated strata:

Dunkard group, Washington and Greene forma- Fqg'_'mkm""}n,
tions undifferentiated:
Wegee limestone member:
Limestone, silty, conglomeratic_________ 1 0
Waynesburg sandstone member:
Siltstone, shaly, even-bedded; consists
of interbedded shaly layers and sandy
layers 1 to 2 in. thick; contains at top
shaly fine-grained sandstone__________ 11 0
Shale; contains carbonaceous band in
base; grades into unit above__________ 3 0
Elm Grove limestone member:
Limestone, silty, laminated; has ridged
outer edge; forms ledge; weathers into
slabs and plates_. - - ______________._ 2 4
Mudstone, silty, calcareous; contains
limestone nodules__ . ___ . _______.____ 1 0
Limestone, silty; weathers to two beds__ 1 2
Clay, shaly, partially covered___________ 5 6

Monongahela formation: Waynesburg coal bed
crops out in bank at small abandoned mine.
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Dunkard group, Washington and Greene forma- Thickness
tions undifferentiated—Continued Ft. In.
Washington coal bed—Continued
Ironstone concretions, discoid-shaped;

contain Myaling Sp-- - ___.______ 2
Shale, carbonaceous; contains what seem
to be small pelecypods (also seen at
localities in the eastern and southeast-
ern parts of the county) . . __________
Coal, shaly, impure (lower bench) ... __ 3
Washington sandstone member:
Siltstone, shaly; upper part is almost mud-

-3

Sandstone, laminated, even-bedded, mi-
caceous; consists of flaggy to massive

layers. - . 5 0

Mudstone, highly weathered_ __ ________ 3 5
Little Washington coal bed:

Coal, shaly, impure_ . _________________ 3
Clay, dark-gray to black; upper 2 in.

stained with iron oxide______________ 8
Coal and coaly shale, interbedded_______ 10
Clay, stained by iron oxide_________.._.__ 1 0

Bottom of ditch along edge of road.

WASHINGTON SANDSTONE MEMBER

The Washington sandstone member was named by
Stevenson (1876, p. 53) for its exposures in Washington
County, Pa., where it lies between the Little Washing-
ton and Washington coal beds. In Belmont County
the Washington sandstone member also occupies the
interval between these two coal beds or, more precisely,
the interval between the Little Washington coal bed
and the underclay and limestone beneath the Wash-
ington coal bed and, like the underlying Little Wash-
ington coal bed, is present only in Mead, eastern Smith,
and south-central Richland Townships (pl. 24). The
Washington of eastern Belmont County is equivalent
in age to the upper part of the Mannington sandstone
member in other parts of the county.

The Washington sandstone member is 10 to 17 feet
thick in Belmont County. It is generally composed in
part of laminated, micaceous sandstone, and in part of
siltstone. Mica and much carbonized plant material
are concentrated along the bedding planes, and these
impurities form laminae within the sandstone and cause
it to split into thin shaly plates. The sandstone is light
gray, and weathered surfaces are stained rusty brown
by iron oxides. The sandstone is fine grained and like
other Pennsylvanian and Permian sandstones is poorly
sorted. The measured section given in the description
of the Little Washington coal bed shows the typical
lithology of the Washington sandstone member.

BRISTOL LIMESTONE MEMBER

The Bristol limestone member was named by Hennen
(1912, p. 165-169) for outcrops at Bristol, Harrison
County, W. Va.
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The Bristol limestone member, with one exception,
occurs only in eastern fourth of Belmont County where
it lies between the Washington sandstone member and
the underclay beneath the Washington coal bed; it was
also seen at one locality in sec. 8, Wayne Township, in
the south-central part of the county. The member
appears to be most persistent in Pease Township in the
northeastern corner of the county (pl. 24).

The thickness of the Bristol limestone member ranges
from a few inches to about 7 feet, and averages about
1 foot. It is lenticular and occurs in one layer or
several layers separated by thin lenticular beds of clay.

The best outcrop in Belmont County is in the bank
along the north side of the baseball field in the Memorial
Park at Martins Ferry in the SWY sec. 24, Pease Town-
ship (pl. 24, section 9). There the member consists of
two beds of limestone separated by 3 feet of calcareous
shaly clay containing limestone nodules. The upper
bed of limestone, which at this locality is 26 inches
thick, is highly argillaceous and conglomeratic. The
high clay content, conglomeratic character, and nodular
bedding are typical of the member; and because of the
high clay content, the limestone weathers very rapidly.

The color of the freshly exposed limestone was not
seen, but the weathered limestone is yellowish gray to
grayish yellow.

The Bristol is separated from the overlying Wash-
ington coal bed by several feet of plastic impure under-
clay or clay and shale.

WASHINGTON (NO. 12) COAL BED

The Washington coal bed, which was originally
called the Brownsville by White (1874, p. 46-57), was
renamed by Stevenson (1876, p. 51) for exposures in
Washington County, Pa., where the coal lies about
135 feet above the Waynesburg coal bed. The in-
terval between the Waynesburg and Washington coal
beds in Belmont County averages about 100 feet; but
because of a rather uniform southward thickening of
the rocks between the two coals, the intervening
rock thickens from 83 feet in sec. 26, Pease Township,
to 138 feet in sec. 5, Washington Township.

The Washington (No. 12) coal bed, the highest of
the numbered coals in Ohio, underlies the eastern two-
thirds of Belmont County. It has been removed by
erosion from Warren, Kirkwood, Flushing, and Wheel-
ing Townships, and occurs only on a few isolated hilltops
in Union Township.

The Washington coal bed consists of two benches
separated by a parting of variable thickness. The bed
is thickest in the eastern part of the county and thins
appreciably westward. The combined thickness of the
coal and partings ranges from less than 14 inches in
Somerset, western Goshen, and Union Townships to as
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much as 22 feet locally in sec. 18, Pultney Township.
Plate 25 is an isopach map showing the thickness of the
bed, and plate 26 contains diagrammatic sections
showing the lithology of the coal. Because the lower
bench of the Washington coal bed is generally impure
and less than 14 inches thick, the isopach lines on plate
25 are drawn on the upper bench of the bed, which
ranges in thickness from 2 inches in Somerset Town-
ship to 8 feet 7 inches in eastern Pease Township.
The average thickness of the upper bench is more than
42 inches in the eastern part of Belmont County in
Pease, eastern Richland, Pultney, eastern Mead,
northern York, and southern Washington Townships.
The two benches are separated by a parting of shaly
clay 2 inches thick in western Somerset Township, but
eastward this parting becomes a tongue of silty mud-
stone that is 18 feet thick in sec. 18, Pultney Township
The average thickness of this tongue in the eastern
part of the county is about 4 feet. In Pease Township
the upper and lower benches merge.

The lower bench is thin and impure over most of the
county. It is generally composed of shaly coal and
bone, but in Somerset and Wayne Townships consists
of fairly pure coal. Locally in northwestern Goshen
Township and along the east side of Crabapple Creek
and in places along Peavine Creek in Washington Town-
ship, the lower bench of the Washington coal bed is
absent.

The thicker upper bench generally has about 12 to
18 inches of good hard coal in the lower part, but the
upper one-half to two-thirds is impure, shaly coal in
most places. In southern Smith, southern Washington,
and southern York Townships, almost all the upper
bench consists of good hard coal; but some thin bone,
shale, and carbonaceous clay bands are present. Per-
sistent partings were not seen, but one or more partings
of clay, shale, and bone are in the upper bench at most
places. In Colerain, Pease, and northeastern Rich-
land T'ownships, the upper bench consists of interbedded
laminae of shaly coal and clay.

The main parting or tongue that separates the two
benches of coal consists of clayey shale and hard silty
shale containing locally discoid ironstone concretions 9
inches or more in diameter. In the southwestern and
south~central parts of the county in Somerset, Wayne,
and western Washington Townships, the parting is
thin and consists of shaly clay but in the central and
eastern parts of the county, where the parting is a
tongue, it consists mainly of interbedded clayey shale
and hard silty shale. The parting is absent in Pease
Township in the northeastern part of the county where
the two benches join.

An interesting feature of the shale between the
benches of the Washington coal bed in Belmont County
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is the presence of a small linguloid brachiopod that has
not been found in any other stratum. Stauffer and
Schroyer (1920, p. 143) named the brachiopod Lingula
permiana, but they found it at only one locality near
Alledonia, Washington Township. The writer found
Lingula permiana at 17 other localities as follows:

Localities where fossils were collected

Dti’silzance
Township ©.0W
upper
Sec. bench of Remarks
coal bed
Ft.| In.

Richland.____ NWYSE/SEY sec. 10__..._.. [ P, Road bank.
Do_...... NEYNWI/NE/SWlisec.8..| 5 7 | 400 ft south of house.
Do NEYNWYNEl sec2. . . ___ 5 6| 751t ?orth of road inter-

section.
NWYSWi{SWilises. 27 E..._[ 1 0 | Road bank.
NWYUNEYNEY sec. 21_____. JR S,
| NWYNWI/SEl{ sec. 18_.___. 3 Ravine north of road.

6
SEUSWYSWI/SEl{ sec. 6__| 1 6 | Road bank.
SEYNWYSWI{sec. 34 ______ R 9 Do.
.| Center of NWi{sec. 18._______ 3 0 Do.
0
0
7

| WNWIS sec. 15.... - Do.
NWYNWI{sec. 8 ... Road bank at curve.

NEYNWYSEl}{sec. 9_.._____ 4 Road bank.
-| North-central part of NWY{ |____i______
NEY sec. 35.
SEYNEYNW1 sec. 21_._____ [P DU Road bank.
SWYNE}{sec. 9oommaee PR Road bank near aban-
+ doned house.

SWYSEY/SW1{sec. 29._____. ———

Railroad cut at curve.
SEYSEYNEY sec. 11.__.____ R i

Ravine west of aban-
doned house.

The known areal distribution of Lingula permiana is
shown in figure 21.

The occurrence of Lingula permiana is apparently
controlled by the type of sediment because it is gen-
erally in the mudstone or clayey shale rather than in the
silty shale. One exception to this, however, is the

———— .
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FI1GURE 21.—Map of Belmont County showing the known areal distribution of the
brachiopod Lingula permiana Stauffer and Schroyer, which occurs in the shale sep-
arating the two benches of the Washington coal bed.
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presence of the brachiopod in disks of ironstone in the
railroad cut in sec. 29, Goshen Township. The shale
stratum in the Washington coal bed also contains small
pelecypods that are found in some places with Lingula
permianag and in other places where the brachiopod is
absent. A specimen of this pelecypod collected from a
road cut in the NEY%SEY sec. 26, Goshen Township,
was identified by Mackenzie Gordon, Jr., as Myalina
(Myalinella) cf. M. meeki Dunbar. This pelecypod is
found both in the shale and in the ironstone disks and
concretions. Concerning the paleoecology of Lingula,
the following references are cited: Cross and Schemel
(1956, p. 51), in describing Permian strata of West
Virginia, state that,

* % * The beds are almost entirely of fresh-water or terrestrial
origin. One notable exception is a shale parting in the Washing-
ton Coal of the Moundsville-New Martinsville area * * * which
contains Lingula, a brackish-water brachiopod, which indicates
that marine conditions existed near by, at least this late in the
lower Permian time.

Weller (1957, p. 333), in describing Pennsylvanian
strata in Illinois, says, ‘“Only a few other genera of
apparently brackish-water invertebrates occur in the
Pennsylvanian. They are the pelecypods Anthracomya
and Niaaidites, the branchiopod Estheria, the brachiopod
Lingula, * * *” Weller states further that Lingula
most commonly lived under peculiar but probably
otherwise normally saline conditions. In Belmont
County, Lingula permiana probably lived in a marginal
brackish-water environment.

The Washington coal is banded and cleated in the
purer parts of the bed, but, where shaly and impure, it
is not cleated. One analysis for the coal is given in
table 11. The ash content on the as-received basis is
21 percent, and the heating value is 10,820 Btu. The
sample for the analysis was taken in southern Washing-
ton Township where the Washington coal bed contains
fewer shaly partings than elsewhere. The ash content
is probably higher than 21 percent in most other parts
of the county.

The bed has been mined at a few places for home use,
but has never been mined commercially.

UNDIFFERENTIATED STRATA OVERLYING THE WASHINGTON COAL
BED AND UNDERLYING THE LOWER WASHINGTON LIMESTONE
MEMBER
The thickness of the rocks between the Washington

coal bed and the overlying Lower Washington lime-

stone member ranges from about 6 feet in the south-
eastern and northeastern parts of Belmont County to
about 28 feet in the central part. Plate 22 shows the
stratigraphic position of these strata, which include
sandstone, siltstone, shale, clay, and limestone.
Clay, which is commonly shaly and contains thin
carbonaceous bands, overlies the Washington coal bed

in Belmont County. The clay contains beds of nodular,
impure limestone in many places, especially in western
Wayne, northeastern Goshen, northwestern Smith,
and south-central Richland Townships. In York and
southern Mead Townships in the southeastern part
of the county and in Pease Township in the north-
eastern part, the clay occupies the entire interval
between the Washington coal bed and the Lower
Washington limestone member. Westward, however,
a tongue of sandstone and siltstone overlies the clay
(pl. 224, sections 2-4). Sandstone and siltstone also
overlie the clay locally in northern Mead, Pultney, and
eastern Richland Townships.

The sandstone is generally shaly to flaggy but is
massive, in places. A name is not proposed at this
time for the sandstone because its regional extent is
not known. Strata of equivalent age have been re-
moved by erosion to the northwest, but it seems pos-
sible that the Lower Washington limestone pinched
out to the northwest and that the Lower Marietta
sandstone and the sandstone over the Washington
coal bed joined. Locally in eastern Richland Township,
eastern Belmont County, these two sandstone beds
merge to form a thick crossbedded coarse-grained unit
whose base rests directly on the Washington coal bed
(pl. 224, section 4).

LOWER WASHINGTON LIMESTONE MEMBER

The Lower Washington limestone member was
named by Stevenson (1876, p. 50) for exposures in
Washington County, Pa., where the limestone is 20 feet
thick and is 6 to 8 feet above the Washington coal bed.
The member lies 6 to 8 feet above the Washington coal
in the southeastern, southwestern, and northeastern
parts of Belmont County, but in the central part the
interval varies from 8 to 28 feet. The increase in
thickness is caused by the unnamed tongue of sandstone
discussed in the preceding section of the report. The
stratigraphic position and lithologic character of the
Lower Washington limestone member are shown on
plate 22. The thickness of the Lower Washington
limestone member is variable, ranging from 6 inches in
southeastern Goshen Township (pl. 224, section 3),
central Belmont County, to about 13 feet in Pease
Township (pl. 22B, section 5), northeastern Belmont
County. There the Lower Washington limestone
member is overlain locally by the lower tongue of the
Middle Washington limestone member. In south-
central Belmont County in a ravine west of the road
in the southeastern part of sec. 32, Smith Township,
the member is 12 feet thick; in the southwestern and
southeastern parts of the county the limestone is 3 to
6 feet thick but is absent in the northwestern part of
sec. 8, Smith Township.
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The member varies from a single bed to several beds
separated by thin partings of clay or calcareous shale.
The beds of limestone generally contain some clay and
silt impurities and are locally conglomeratic. Fresh
surfaces of limestone are medium gray to olive gray
and weathered surfaces are medium gray to light olive
or yellowish gray.

The Lower Washington limestone member is overlain
in most places by a thin bed of clay or shale containing
carbonaceous bands. At some places where the member
consists of several beds separated by clay, each clay
layer contains carbonaceous streaks.

The fauna consists of ostracodes, small high-spired
gastropods, and fragments of fish remains.

The following detailed section, measured in a ravine
about 500 to 600 feet west of the road near the south-
eastern corner of sec. 14, York Township, shows the
lithologic character of the member as well as that of
overlying strata:

Dunkard group, Washington and Greene forma-
tions undifferentiated:
Lower tongue of the Middle Washington lime-
stone member:

Limestone, olive-gray, silty; weathers
greenish gray with slight yellow hue;
crumbles to jagged fragments; overlain
by 10 in. of shale and thin clay con-
taining carbonaceous bands_ _________ 7

Shale, grayish-olive; has pale-reddish-
brown blotches, heavily stained with
iron oxide; contains impure limestone
nodules in upper part; cut by joints

Thickness
Ft. In.

that resemble large desiccation cracks. 12 2
Clay and carbonaceous shale___________ 4
Limestone, olive-gray, laminated, silty;

has undulating base; weathers to slabs_ 7
Covered interval: upper few inches clayey

shale_ - _________ . _________________ 1 0

Limestone, olive-gray, silty; contains ar-
gillaceous partings causing the layer to
weather multibedded ________________

Covered interval ______. _______________

Lower Marietta sandstone member:

Sandstone, massive, medium- to coarse-
grained, micaceous; irregularly bedded;
crossbedded; forms eliffs. ____________ 25 6

Shale, hard; chippy in base, becomes
softer in top; contains several carbona-
ceousbands________________________ 6

Lower Washington limestone member:

Limestone, light-olive-gray, silty; con-

tains shaly partings causing layer to

N W
—

weather into many beds_ ____________ 1 4
Clay, shaly ; contains carbonaceous bands_ 7
Limestone, medium-gray, silty; variable

in thickness; forms angular ledge_ _ ___ 7

Undifferentiated strata:
Shale, olive-gray, soft; contains carbona-
ceous bands; encrusted in places with
ironoxide._.____. _________________ 5 0

Dunkard group, Washington and Greene forma-
tions undifferentiated—Continued F’I;tmkmxj’n,
Undifferentiated strata—Continued

Mudstone, light- to medium-gray; con-
tains carbonaceous bands and a zone

of silty limestone nodules near center._ 3 6
Claystone, slightly shaly, carbonaceous;
contains “‘slickensides’ ; stained by iron

Washington coal bed.
LOWER MARIETTA SANDSTONE MEMBER

White (1891, p. 35-36) named the Marietta sandstone
beds for outcrops just south of Marietta, Ohio. His
statement concerning these sandstone beds at Marietta
is as follows:

The Washington ‘“A” is often absent, and the portion of the
series for 100 to 125 feet above the Washington coal is then
frequently occupied by two or three beds of massive sandstone.
These crop out in the hills below Marietta, Ohio, where they have
long been extensively quarried for grindstones and building stone,
and they have been designated from that locality. There are
often three of them, each 25 to 40 feet in thickness, and separated
by thin shales, so that in such cases they might be called Upper,
Middle, and Lower Marietta sandstones.

In Belmont County three sandstone beds occur in
the sequence, 11 to 125 feet above the Washington coal
bed. Their stratigraphic positions are shown on plate
22. The lowest lies between the Lower Washington
limestone member and the lower tongue of the Middle
Washington limestone member and in this report is
designated the Lower Marietta sandstone member.
The interval between the base of this member and the
Washington coal bed ranges from 11 feet in Mead Town-
ship (pl. 22B, section 2) to 29 feet in Goshen Township
(pl. 224, section 3).

The thickness of the Lower Marietta sandstone mem-
ber ranges from a few inches to 42 feet, averaging about
25 feet. The member is thickest in southeastern Wash-
ington Township and southern York Township in the
southeastern part of the county and in southeastern
Somerset Township in the southwestern part. It thins
to the north and is absent where the lower tongue of
the Middle Washington limestone niember rests on the
Lower Washington limestone member in Pease Town-
ship (pl. 22B, section 5).

The Lower Marietta member consists of sandstone,
siltstone, shale, and mudstone. The shaly sandstone
and siltstone, which at many places intergrade both
laterally and vertically, are commonly irregularly bedded
but locally are evenly bedded. Shale generally occurs at
the base and top of the member and grades into the
clay and mudstone associated with the overlying and
underlying limestone members. Locally red or varie-
gated red and green mudstone several feet thick occurs
in the upper part of the Lower Marietta member (pl.



STRATIGRAPHY

22A, sections 4 and 5). In northeastern Belmont
County the member consists mainly of clayey siltstone.

Massive sandstone makes up the member in parts of
York Township in the southeastern corner of the
county. The most massive outcrops are in the SE¥% SEY
sec. 14, York Township, where the sandstone is cross-
bedded and coarse grained (pl. 224, section 7). A
detailed description of this section is included in the
discussion of the Lower Washington limestone member.

The sandstone and siltstone are micaceous, poorly
sorted, and similar to most other Pennsylvanian and
Permian sandstone in Belmont County. They are
shades of olive gray, and the intercalated shale and
mudstone beds are variegated olive gray and reddish

gray.
LOWER TONGUE OF THE MIDDLE WASHINGTON LIMESTONE MEMBER

Stevenson (1876, p. 48—50) named the Middle Wash-
ington limestone member for exposures in Washington
County, Pa., where it is 15 feet thick and lies 89 feet
above the Lower Washington limestone member.
Stauffer and Schroyer (1920, p. 20) described the Middle
Washington in Ohio as follows:

This is only occasionally to be found in the Ohio section, al-
though in Pennsylvania it is very persistent and has a thickness
of as much as 15 feet. It is massive buff limestone, which, when
freshly broken is of a dull flesh color. This same appearance is
maintained in the region of its best development in Belmont
County.

Unfortunately, Stauffer and Schroyer do not give
an average thickness for the interval between the
Washington coal bed and the Middle Washington
limestone member in Belmont County; however, in the
18 stratigraphic sections in which they recognized the
Middle Washington member, its stratigraphic position
ranges from 27 to 73 feet above the Washington coal
bed. In Belmont County the Middle Washington
limestone member consists of two tongues separated
by the siltstone, sandstone, shale, and mudstone of the
Middle Marietta sandstone member. In each section
measured Stauffer and Schroyer gave the name “Mid-
dle Washington” to whichever one of the two tongues
of limestone was more prominent. This explains the
variations in the thickness of the interval between the
Washington coal bed and Middle Washington lime-
stone member in their sections.

The lower tongue of the Middle Washington lime-
stone member as recognized by the author lies from
30 to 40 feet above the Washington coal bed in eastern
Belmont County, and the interval increases to the
south. In the south-central and southwestern parts
of the county, it is commonly between 45 and 55 feet
(pl. 22), except in sec. 29, Goshen Township (pl. 224,
section 2), where the thickness of the lower tongue is
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comparable to that in the northeastern part of the
county.

The thickness of the lower tongue ranges from 1 foot
in the south-central and extreme southwestern parts
of Belmont County to 20 feet in the northeastern part.
The thickness of individual beds ranges from a few
inches to as much as 3 feet.

The number of beds in the lower tongue varies from
place to place. In northeastern and east-central Bel-
mont County, several beds are present everywhere and
are separated by clay and shale partings; as many as
12 beds were noted locally. The lower tongue thins to
the south and southwest, and the nuniber of beds de-
creases. Only one or two beds are present in most of
southern York, Washington, and eastern Wayne Town-
ships (pl. 22). Most individual beds of limestone are
lenticular and cannot be traced from one outcrop to
another.

The limestone is generally hard and dense. It con-
tains some clay and silt impurities at many places, but
locally is pure and is quarried in sec. 32, Pease Town-
ship, at the place where the lower tongue of the Middle
Washington limestone member rests on the Lower
Washington limestone member. The brownish-gray
color of the lower tongue of the Middle Washington in
Pease Township distinguishes it from the light- to
dark-gray color of the Lower Washington. The follow-
ing stratigraphic section, measured in the quarry, shows
the lithologic character of the tongue in northeastern
Belmont County:

Dunkard group, Washington and Greene Forma-

tions undifferentiated: F’tl_%wkm'}:,,
Lower tongue of Middle Washington lime-
stone member:
Limestone, slabby, weathered__________ 1 0
Clay,shaly._ - _ ________ o _____ 2 0
Limestone, silty, weathered. ___________ 11
Clay, shaly; contains thin lenses of lime-
stone.___ _ oo 2 0
Limestone, olive to brownish-gray; trifur-
cated laterally_____________________._ 1 0
Clay; contains thin lense of limestone_ __ 1 3
Limestone, light-olive to light-brownish-
gray; contains ostracodes.__._______._. 1 9
Limestone, silty . _____ ... ____._____ 1%
Limestone, light-olive to brownish-gray,
conglomeratic; contains ostracodes____ 6
Limestone, silty_ _ . _________________ 2
Limestone, light-olive to brownish-gray,
conglomeratic; contains ostracodes____ 1 2
Limestone, silty_ _ _______ . ___________ 2
Limestone, light-olive to light-brownish-
gray, splits laterally to four beds; con-
tains ostracodes_ _ - ___ .. ____________ 2 0
Limestone, very argillaceous; weathers
shaly; contains fish seales_ __________. 11
Limestone, light-olive to light-brownish-
gray; splits laterally to three beds.__-. 1 4



60

Dunkard group, Washington and Greene Forma-
tions undifferentiated—Continued
Upper part of the Lower Washington limestone
member?:

Thickness
Ft. In.

Limestone, light-gray, silty;
shaly; contains ostracodes and fish
scales_ - _ o ______ 1

dark-gray, silty;

[y

Limestone, silty; weathers shaly___._____

Claystone, calcareous....______._______

Limestone, light-medium-gray, silty_.___ 1
Floor of quarry.

N W NW

The limestone in this quarry was sampled by Lam-
born (1951, p. 72) and the analysis is as follows:

Percent
Silicates_ - - ___________ . _____ 2.19
Silica_ - . 3. 81
Hydrated ferric oxide_ . _______________ .02
Ferrous carbonate___________.__.______ 1. 13
Iron disulphide_____________________ - .03
Titanium dioxide_______________.______ .07
Calcium phosphate____________________ . 26
Calcium sulphate_ . ___________________ . 03
Calcium carbonate____________________ 90. 50
Magnesium carbonate_________________ 1. 57
Manganese carbonate_________________ 18
Water__ ... 29
Organic matter_______________________ .08
Unbalanced components (deficiency COs,

H,0) .. .01+

A similar but more complete section showing the
merger of the Lower Washington limestone member
and the lower tongue of the Middle Washington lime-
stone member was measured at the Ayers quarry in the
NWY sec. 24, Pease Township (pl. 22B, section 6).

The single bed of limestone that represents the lower
tongue of the Middle Washington member in most of
southern York, southern Washington, and eastern
Wayne Townships is massive and forms a ledge. The
limestone is hard and dense and appears to be rela-
tively pure. The best exposure in southern Belmont
County is a persistent ledge, 3 feet thick, that crops
out along a road cut in the NE4YNWY sec. 21, Wash-
ington Township. Slabs of dark-gray to black impure
limestone containing many large fish bones and copro-
lites lie at the position of the lower tongue along the
road in the SEXSWY sec. 26, Washington Township.

At many places the lower tongue of the Middle
Washington limestone member is intercalated with red
clay or red-mottled shale. Grayish-olive and reddish-
brown mottled shale, 12 feet thick, separates the upper
bed of the tongue from the lower beds in sec. 14, York
Township (pl. 224, section 7). A persistent banded
carbonaceous clay overlies the lower tongue in most of
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Belmont County. This clay possibly is equivalent to
the Washington ‘A’ coal bed of Pennsylvania (pl. 21).

Distribution of the thick limestone sequence formed
by the merged Lower Washington limestone member
and the lower tongue of the Middle Washington lime-
stone member suggests temporary localization during
early Dunkard time of a depositional basin whose axis
trended roughly N. 65° E. Because of erosion the
former northwestward extent of the thick limestone is
not known. The generalized area of thick Lower
Washington and lower tongue of Middle Washington
limestone members and the probable axial trend of the
basin are shown on the index maps accompanying
plate 22,

As previously stated, members above the Washington
coal bed in Belmont County cannot be correlated
accurately with members above the Washington coal
bed in southwestern Pennsylvania on the basis of
available data. The lower tongue of the Middle
Washington limestone member in Belmont County,
however, does correspond in position to Limestone IT1
of Stevenson (1876, p. 50) (pl. 21, section 10) and the
Blacksville limestone of White (1891, p. 36).

The fossil fauna of the lower tongue of the Middle
Washington limestone member consists of Spirorbis,
fish remains, small pelecypods that resemble Pleuro-
phorus, ostracodes, and small gastropods.

MIDDLE MARIETTA SANDSTONE MEMBER

The Middle Marietta sandstone member overlies the
lower tongue of the Middle Washington limestone
member and its base lies from 40 to 60 feet above the
Washington coal bed (pl. 22).

The thickness of the member ranges from 10 to 39
feet. It is thickest in the southern part of the county
and thins toward the north. In the northeastern part
of sec. 14, Mead Township, the Middle and Upper
Marietta sandstone members join, and their combined
thickness is 61 feet.

Massive crossbedded coarse-grained micaceous sand-
stone occurs locally in southeastern Belmont County,
but elsewhere the Middle Marietta member consists of
shaly to flaggy irregularly bedded fine- to medium-
grained micaceous sandstone, siltstone, and shale. In
parts of southern Washington and eastern Wayne
Townships, shale and mudstone make up the member,
and in sec. 32, Pease Township, it is a mudstone 10 feet
thick (pl. 22B, section 5). In areas where the member
consists principally of sandstone, the basal and upper
parts are usually shale or siltstone. In places the
contact between the basal siltstone or shale and ths
overlying sandstone is abrupt, but in others the contact
is gradational.
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The sandstone is gray on fresh surfaces and tan on
weathered surfaces. The siltstone beds are generally
shades of olive gray, and the shale beds vary from olive
gray to dusky yellow. Reddish blotches and thin red
bands occur locally in the shales.

UPPER TONGUE OF THE MIDDLE WASHINGTON LIMESTONE MEMBER

As previously pointed out on page 59, two se-
quences or tongues of limestone separated by the
Middle Marietta sandstone member occur in the inter-
val from 25 to 90 feet above the Lower Washington
limestone member in Belmont County. These two
limestone beds, which are separated by the Middle
Marietta sandstone member, appear to coalesce in
Ohio County, W.Va., and form a unit that may be
equivalent in part to Stevenson’s (1876, p. 48) “Lime-
stone I11” (pl. 21, section 10). In this report the two
sequences of limestone are named the lower and upper
tongues of the Middle Washington limestone member,
and the lower tongue has been described. The position
of the two tongues and their stratigraphic relation are
shown on plate 22.

The upper tongue of the Middle Washington lime-
stone member is 50 feet above the Washington coal bed
in the northeastern part of Belmont County and about
90 feet above the coal in the southern and southwestern
parts.

The thickness of the limestone in this member ranges
from a few inches to 20 feet. It is thickest in north-
eastern Belmont County, in Pease, eastern Richland,
and northern Pultney Townships and decreases to the
south and southwest. The limestone is absent over
most of the southeastern and south-central parts of
the county where its position is occupied by reddish
mudstone and variegated reddish and greenish clayey
siltstone and shale of which as much as 24 feet is ex-
posed locally (pl. 228, sections 1-3, 224, sections 4-6).

In northeastern Belmont County the upper tongue
consists of several beds of limestone separated by clay
and shale partings. In the southwestern part of the
county in Wayne, Smith, Goshen, and Somerset Town-
ships, the upper tongue is made up of 1 to 3 thin beds of
limestone. Over most of York, Mead, Smith, and
Washington Townships, reddish mudstone or variegated
olive-gray and reddish-brown clayey siltstone or shale
takes the place of the limestone. In the northeastern
part of sec. 14, Mead Township, the Middle and Upper
Marietta sandstone members coalesce, and the upper
tongue of the Middle Washington limestone member is
believed to be absent because of nondeposition.

The beds of limestone in the upper tongue are impure
in most places and weather rapidly. The best and
thickest exposure is in the north bank of U.S. Highway
40 just east of Stillwell’s Restaurant in the north-central

part of sec. 21 E., Richland Township. There the
upper tongue consists of several beds of argillaceous
limestone and thin clay, shale, and sandstone partings total-
ing 20 feet in thickness. The Upper Washington lime-
stone member crops out near the top of this same road
bank and is separated from the underlying upper tongue

_of the Middle Washington limestone member by 9 feet

of sandstone and siltstone that make up the Upper
Marietta sandstone member (pl. 22B, section 4).
The following detailed section measured at this locality
shows the lithology of the upper tongue of the Middle
Washington and also its relation to the overlying Upper
Marietta and Upper Washington members:
Dunkard group, Washington and Greene forma-
tions undifferentiated:
Upper Washington limestone member:

Limestone, yellowish-gray to grayish~

yellow, argillaceous, weathered; con-

sists of several beds separated by thin

Thickness
Ft. In.

shaly clay bands____________________ 10 0+
Sandstone, fine-grained, micaceous, cal-

CATeOUS_ oo 1 9
Limestone; contains lenticular shale part-

ings; weathers to several nodular beds. 3 0
Shale, soft, calcareous._.______________ 2 8

Upper Marietta sandstone member:

Sandstone, olive to greenish-gray, fine-

grained, micaceous, calcareous________ 6 4
Siltstone, shaly._. . __ ... _______________ 2 6

Shale, soft, calcareous; has several thin
carbonaceous bands that may represent
the Washington “A” coal bed__.______ 1 7
Upper tongue of the Middle Washington
limestone member:

Limestone, light-brownish-gray with

orange hue, argillaceous, shaly________ 3 0
Limestone, medium-gray, argillaceous;

several beds separated by thin bands

of soft shale; weathers shaly_._________ 5 10
Limestone, medium- to olive-gray, argil-

laceous _ - _ - _ e 3 0

Limestone, impure, weathered; consists of
several beds separated by clay-shale

Road level of U.S. Highway 40.

Most outcrops of the upper tongue in Wayne, Goshen,
and Somerset Townships are weathered and consist of
boulders and nodules of argillaceous limestone em-
bedded in clay.

In most of York, Mead, Smith, and Washington
Townships, where the limestone is absent, its place is
taken by the following sequence: reddish mudstone
containing small limy nodules in the basal part, grading
to reddish shale, which grades upward to variegated
red and green shale and clayey siltstone. Locally the
siltstone grades upward into the Upper Marietta sand-
stone member, but in other places the contact is abrupt.
The proportions of mudstone, shale, and siltstone vary
from place to place.
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Limestone beds of the upper tongue are shades of
olive gray on a fresh fracture, but they weather yel-
lowish gray.

Fossils are diminutive forms of gastropods, ostra-
codes, Spirorbis sp., and fish remains.

WASHINGTON “‘A” coaLn BED(?)

White (1891, p. 35) named the Washington “A” coal
bed and described its stratigraphic position and lith-
ology as follows:

At 70 to 80 feet above the Washington coal, there ocecurs a
bed of impure coal and coaly shale which is often present in the
section along Dunkard Creek.

Bituminous shale is often found at this horizon in Washington
and Greene Counties, Pennsylvania, and in Washington County,
Ohio, a coal bed 2!% feet thick seems to occur at the same place
in the series.

In Belmont County a thin layer of shale and clay
that in places overlies the upper tongue of the Middle
Washington limestone member may be equivalent to the
Washington “A” coal bed of White (pl. 21, sections 5
and 6). It lies about 65 to 75 feet above the Washing-
ton coal bed. Plate 21 shows the tentative correlations
of this clay with the Washington “A” coal bed of
White. White, however, designated a limestone 78
feet above the Washington “A” coal bed as the Middle
Washington limestone member in Pennsylvania.
Therefore, if the clay above the upper tongue of the
Middle Washington in Belmont County is equivalent
to the Washington ‘A’ coal bed of Pennsylvania, the
Middle Washington of Pennsylvania is not equivalent
to the Middle Washington of Ohio.

As previously stated on page 60 a persistent clay
with carbonaceous streaks lies above the lower tongue
of the Middle Washington limestone member in Bel-
mont County, and conceivably this clay could be
equivalent to White’s Washington “A’ coal. Present
data are insufficient to tell which, if either, of these
two units is equivalent to the Washington “A”’ coal bed.

The layer of shale and clay above the upper tongue
of the Middle Washington was seen only in north-
eastern Belmont County where it ranges in thickness
from a few inches to about 134 feet. It is carbonaceous,
in part, and in most places contains thin red bands in
its upper part.

UPPER MARIETTA SANDSTONE MEMBER

The Upper Marietta is one of three sandstone beds
called the “Marietta sandstones” by White (1891, p.
35) for their exposures near Marietta, Ohio.

In Belmont County the Upper Marietta sandstone
member is made up of thin-bedded to massive fine- to
medium-grained micaceous sandstone, siltstone, shale,
or mudstone about 9 to 17 feet thick. The interval
between the Upper Marietta and the Washington coal
bed ranges from about 65 feet in northeastern Belmont
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County to about 110 feet in the south-central part
(pl. 22). The sandstone is massive in the southeastern
corner of sec. 28 E., Richland Township, where its
upper surface forms a pavement in front of Tracy’s
Restaurant on the south side of U.S. Highway 40.
The top of the sandstone is also exposed at the Log
Cabin Truck Stop on the north side of U.S. Highway
40 several hundred feet east of Tracy’s Restaurant.
About % to % mile to the east, the Upper Marietta
sandstone member is exposed in the north bank of U.S.
Highway 40. There it consists of 3 feet of shaly silt-
stone overlain by about 6 feet of sandstone (pl. 22 B,
section 4). At most places the sandstone is shaly
bedded to flaggy bedded and is crossbedded locally.
In parts of York and Washington Townships, varie-
gated reddish and greenish mudstone makes up a
part of the member. In the northeastern part of
sec. 14, Mead Township, the Upper and Middle
Marietta sandstone members coalesce.

The sandstones and siltstones are olive gray, and
the shale beds vary from olive gray to dusky yellow.

The Upper Marietta is probably equivalent to the
Davistown sandstone of West Virginia (Cross and
Schemel, 1956, p. 53, sec. A).

UPPER WASHINGTON LIMESTONE MEMBER

Stevenson (1876, p. 45) named the Upper Washing-
ton limestone member for exposures in Washington
County, Pa. He states that the limestone is as much
as 30 feet thick and lies from 100 to 180 feet above the
Washington coal bed in Washington County but is
only 4 to 8 feet thick and lies from 135 to 325 feet
above the Washington coal bed in Greene County, Pa.
A variation of almost 200 feet in interval between
the Upper Washington and the Washington coal bed
in adjacent counties is anomalous when compared to
the relatively uniform intervals between the various
members of the Monongahela formation and Dunkard
group in most of the northern Appalachian basin. It
seems likely that Stevenson miscorrelated the Upper
Washington limestone member in parts of south-
western Pennsylvania. As a result, its exact position
is in question even in the type area. Plate 21, section
10, shows the stratigraphic position in Washington
County, Pa., according to Stevenson.

Stauffer and Schroyer (1920, p. 21) used the name
“Upper Washington limestone” in Ohio for the third
limestone above the Washington coal bed. They did
not mention the thickness of the interval between this
limestone and the Washington coal bed, but in strati-
graphic sections for Belmont County the position of
their Upper Washington varies from 26 to 118 feet
above the Washington coal bed. Stauffer and Schroyer
did not recognize that the Middle Washington is
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split into two tongues in Belmont County and there-
fore, in some places, called the upper tongue of the
Middle Washington the Upper Washington. Further-
more, in sec. 8, Wayne Township, they confused the
Upper Washington with the Lower Washington,
which lies but 26 feet above the Washington coal bed.

In this report the name Upper Washington is given
to a limestone member of variable thickness and lith-
ologic character that lies about 85 to 125 feet above
the Washington coal bed. The interval is 125 feet in
the southeastern and south-central parts of Belmont
County in Mead, York, Washington, and Wayne
Townships, and thins toward the northeast to 85 feet
in eastern Richland, Colerain, and Pease Townships
(pl. 22).

The limestone is multibedded and is as much as 17
feet thick in northeastern Belmont County, but it
consists of a few nodular beds averaging less than 3
feet in thickness in most of the south-central and
southwestern parts of the county. The limestone is
absent, and its place is taken by shaly siltstone and
mudstone in the southeasternmost part of York
Township at the southeastern corner of the county.

The beds of limestone are lenticular and contain
clay and silt impurities. Where the member is multi-
bedded, thin layers of impure shaly clay or mudstone
separate the beds. In parts of south-central and
southwestern Belmont County, where the member
contains fewer beds, the basal part is made up of
several feet of shaly siltstone or shaly mudstone
containing impure limestone nodules.

On a fresh surface the limestone is light olive gray,
but it weathers to yellowish gray.

Fossils found are diminutive forms of gastropods,
ostracodes, Spirorbis, and fish remains.

The two best outcrops of the Upper Washington
limestone member are in the northeastern part of the
county in secs. 21 E. and 28 E., Richland Township,
where the member is thickest. In sec. 21 E. it lies
near the top of the north bank of U.S. Highway 40
just east of Stillwell’s Restaurant. The upper tongue
of the Middle Washington limestone member crops out
9 feet lower in the same road cut (pl. 22B, section 4).
There the member is more than 17 feet thick and
consists of several beds of limestone separated by
clay and shale partings. G. W. White (1945, p. 175)
erroneously included the Upper Washington at this
outcrop, as well as the underlying 9 feet of the Upper
Marietta sandstone member, in the Middle Washington
limestone member.

In sec. 28 E., three-fourths of a mile west of Stillwell’s
Restaurant, the Upper Washington limestone member
is 17 feet thick and crops out in the bank behind the
fruit stand at Tracy’s Restaurant, which is on the

south side of U.S. Highway 40. Following is a detailed
section of the Upper Washington limestone member
and the overlying Jollytown ‘“A’’ coal bed and sandstone
at this locality:

Dunkard group, Washington and Greene forma-

tions undifferentiated: {hwkmﬁ,,
Aults Run sandstone member:
Sandstone, massive, fine-grained, micaceous. 6 6+
Siltstone, platy; contains thin layers of
sandstone in central part____________ 13 0
Jollytown “A” coal bed:
Coal; lower 4 in. cleated; upper 1 in.
shaly__ ... 5
Underclay, olive-gray, shaly____________ 8
Upper Washington limestone member:
Limestone, medium- to light-gray, argil-
laceous_ o ______________ 2 6
Limestone, olive-gray, argillaceous;
weathers to several beds; weathered
surfaces are yellowish gray to grayish
yellow. - o _____ 7 0
Shale, sandy, slightly caleareous________ 2 7
Limestone, argillaceous; weathers shaly__ 3 0
Shale, calecareous_ ... ____________ 2 0

Upper Marietta sandstone member: The even
top of this member forms pavement around
Tracy’s Restaurant.

JOLLYTOWN ““A” COAL BED

The Jollytown “A’” coal bed was named by Stauffer
and Schroyer (1920, p. 21-22). In discussing the coal
bed they state:

The Jollytown “A” coal, in West Virginia and Pennsylvania,
consists of from a few inches to 3 feet of black shale to a fair coal
lying immediately above the Upper Washington limestone. In
Ohio it is often a mere streak of coal blossom a few inches thick,
but it is of more importance in the southern than in the northern
part of the field. This is the bed described by I. C. White as the
Jollytown coal, but it does not agree in position with the one
called Jollytown coal by J. J. Stevenson, since the latter lies some
little distance below the Upper Washington limestone. It does
correspond, however, to Stevenson’s Fish Bed, which he says is
a black shale that sometimes becomes a coal. This is a very
important horizon in Ohio as it is rather persistent and must be
used to separate the Washington from the Greene formation in
regions where the Upper Washington hmestone is lacking. Hence
it seems better to eliminate possible confusion between the two
definitions of the Jollytown coal and indicate the one named by
White as the Jollytown “A” coal, as it has no real claim on the
name of Stevenson’s report.

A thin coal bed occurs sporadically in Belmont
County just above the limestone designated in this
report as the Upper Washington limestone member
and from 95 to 128 feet above the Washington coal bed
(pl. 22). It is the bed that was called the Jollytown
“A” by Stauffer and Schroyer. As previously stated
in the general discussion of the Permian stratigraphy
on page 47, the Jollytown “A’” coal bed of Belmont
County may not be the equivalent of the Jollytown
coal bed of either White or Stevenson. If the Jolly-
town “A” coal of Belmont County is present in the
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Pennsylvania section, it probably lies considerably
below the Jollytown coal.

The Jollytown “A” coal of Belmont County is ap-
parently the same bed that was called the Dunkard
coal bed by Grimsley (1907, p. 59) in his report on
Ohio, Brooke, and Hancock Counties, W. Va. Grimsley
states that the interval between the Washington coal
bed and Dunkard coal bed is 105 to 120 feet thick.
This corresponds almost identically with the thickness
" of the interval between the Washington and Jollytown
“A” coal beds in Belmont County. The Jollytown “A”
coal of Belmont County is probably equivalent to the
Hundred coal of Cross and Schemel (1956, p. 53, sec. A)
in Marshall County, W. Va.

In Pease Township in northeastern Belmont County
the Jollytown “A” coal bed is 95 to 100 feet above the
Washington coal bed. The interval thickens southward
to about 115 to 128 feet in southeastern and south-
central Belmont County (pl. 22).

The Jollytown “A’ coal bed is separated from the
underlying Upper Washington limestone member by
1 to 2 feet of clay, and ranges from a fraction of an inch
to 5% inches in thickness. The bed is impure coal or
coaly shale in parts of York, northwestern Smith,
eastern Richland, east-central Mead, northern Pultney,
eastern Colerain, and Pease Townships, but elsewhere
it is a clay containing thin carbonaceous streaks. The
clay is shaly, from a few inches to one foot thick, and
everywhere overlain by a layer of reddish shale from a
few inches to more than a foot thick. This red shale,
which is in the basal part of the overlying Aults Run
sandstone member, is a good marker bed for locating the
position of the Jollytown ‘““A” zone both because of its
color and because it contains in many places small
Estheridlike fossils.

The Jollytown ““A”” coal is well exposed at the follow-
ing localities. Other outerops of this bed are shown on
plates 22 and 27.

Exposures of Jollytown “A” coal

Township Sec. Remarks
Pease_ ... SEYNWlisec.2.________ Nortllx road ditch at intersection, 1,304
ft elev.
Colerain__._.__ NEYNE sec. 13._____.___ Top of east road bank in road cut just
B} northwest of Colerain.
Richland....___ SEYSE} sec. 28 E__.___. Behind fruit stand at Tracy’s Restau-
rant, south side of U.S. Highway 40.
Do....... SEYSWlisec. 2. oo South bank of road intersection, a few
hundred feet west of the abandoned
intersection at elev 1,274 ft.
Pultney.....__ South-central edge of the | North road bank at intersection.
SE4 sec. 32. )
Mead.. ... NEYNWI{ sec. 31 E____. East road bank east of intersection.
L+ BB, NESWl{sec.12 ... __. Road bank at point farm road enters
: from east.
Smith____.__ _.| East-central edge of the | Ditch along bed of abandoned road
N'W4 sec. 29. which runs northeast from the inter-
section at elev 1,274 ft.
York.__...____ NEYNEY sec. 13._...____ Road bank several hundred feet east of
house.
Do SWIYNWI{sec.7._..____ Nprg r(ﬁd bank at the top of a covered
mterval.
Do__._..__ East-central edge of the | Road bank at intersection.
NWY sec. 9.
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AULTS RUN SANDSTONE MEMBER

D’Invilliers (1895, p. 2573) used the name ‘“Jolly-
town” for the massive sandstone above the Middle
Washington limestone and 70 feet below the Jollytown
coal bed along Dunkard Creek, Greene County, Pa.,
near the mouth of Hoover Run.

Hennen (1909, p. 196-197) applied the name “Jolly-
town” to the sandstone above the Jollytown coal bed
in Wetzel County, W. Va. He described the sandstone
as follows:

In the 30 to 50 feet of measures that intervene between the
Dunkard coal and the Jollytown coal next below, there often
occurs a massive sandstone, coming 5 to 10 feet above the latter
coal, and hence the writer has given it the name, Jollytown
Sandstone. It is nearly always present and ranges in thickness
from 5 to 30 feet * * * At the type locality of the Jollytown
coal on Dunkard Creek, % mile due east of Hero P. O., Greene
Co., Pa., this sandstone is 10 to 15 feet thick and quite massive,
coming 10 to 15 feet above the Jollytown coal.

Obviously, D’'Invilliers and Hennen did not agree on
the stratigraphic position of the Jollytown sandstone.
Hennen, furthermore, did not indicate whether he was
referring to the Jollytown coal of Stevenson or of White,
thus further confusing the stratigraphic position of the
Jollytown sandstone.

Because the stratigraphic position of the Jollytown
coal bed has never been agreed upon, even in the type
area, the stratigraphic position of the Jollytown sand-
stone likewise is not fixed. This is especially true in
Ohio, where past correlations of strata of Pennsylvanian
and Permian age above the Washington coal bed with
strata of Pennsylvanian and Permian age above the
Washington coal bed in Pennsylvania are questionable.
The sandstone above the Jollytown “A” coal bed in
Belmont County will be called the Aults Run sand-
stone member for outcrops near the summit of the east-
southeastward-trending ridge northeast of Aults Run
in eastern Richland Township. The type section is
the upper 19 feet of the north bank of the new cut for
U.S. Highway 40 about 400 feet west of the northeast
corner of sec. 27 E., Richland Township. At this local-
ity the member consists of 7 feet of fissile shale over-
lain by 12 feet of thin-bedded to massive fine-grained
sandstone. The upper part of the sandstone is pre-
sumably under soil cover on the hillside north of the
road bank. '

This sandstone is a persistent member of relatively
uniform thickness throughout eastern Belmont County.
The average thickness is about 24 feet in the north-
eastern part of the county, but to the south in Washing-
ton and York Townships, the thickness is slightly
greater, averaging about 30 feet.

In general the member is fine grained, but its com-
position ranges from medium-grained sandstone to
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siltstone and mudstone. The proportions of these
lithologic types vary considerably from place to place,
but shale commonly makes up the basal part of the
member, shaly to flaggy, fine-grained sandstone the
middle part, and mudstone the upper part (pl. 27).

The basal shale ranges from a few inches to as much
as 17 feet in thickness. It is grayish olive to dusky
yellow and contains at its base a grayish-red to reddish-
brown layer of variable thickness.

Plant remains and small brachiopods occur locally
in this basal shale. The best fossil plants are in a road
bank just south of the road intersection in the
SEUNWY; sec. 29, Smith Township, 16 feet above the
Jollytown “A” coal bed. Brachiopoeds that appear to
belong to the genus Orbiculoidea are in the lower part
of the shale, just above the Jollytown ‘“A” coal bed in
the road bank in the SWYNWY sec. 7, York Town-
ship. As previously mentioned, Estheridlike fossils
are in the reddish zone at a number of places.

The sandstone that makes up the middle part of the
member is shaly to flaggy bedded, locally crossbedded
and micaceous, and ranges from fine to medium
grained. It tends to be lenticular and grades into
shale and siltstone in many places. In sec. 7, York
Township, the central part of the member contains
limestone nodules.

The siltstone and mudstone in the upper part of the
member are shaly and grade downward into the fine-
grained sandstone. Nodules of impure limestone lie
in the uppermost part of the siltstone and mudstone,
which locally grade upward to limestone.

UNNAMED LIMESTONE

A unit of impure nodular limestone from s few inches
to 1% feet thick lies from 24 to 32 feet above the Jolly-
town “A” coal in most of eastern and southeastern
Belmont County (pl. 27). One or more beds of ar-
gillaceous limestone generally make up the unit, but
in places it consists of small calcareous nodules em-
bedded in clay. Because of rapid weathering, this unit
is inconspicuous and difficult to trace. A thin band of
clay separates the limestone from the overlying sand-
stone, siltstone, and shale. Coal is not associated with
this clay at any place in the county, but carbonaceous
bands occur in a few places. This limestone and
overlying clay may be correlatives of the Jollytown
coal and Upper Washington limestone of Cross and
Schemel (1956, p. 53) in Marshall County, W. Va.,
but they do not appear to correspond in stratigraphic
position to the Jollytown coal and Upper Washington
limestone of either I. C. White or J. J. Stevenson in
southwestern Pennsylvania (pl. 21).
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UNNAMED SANDSTONE

The limestone and interbedded clay just described
are overlain by 23 to 37 feet of sandstone, siltstone,
shale, and mudstone (pl. 27). The basal part of the
unit is generally shale, which grades upward into
siltstone or sandstone.

The sandstone, which is thickest in Mead, Smith, and
Richland Townships (pl. 27, sections 3, 7, and 8), is
shaly to flaggy bedded and locally crossbedded. It
has been quarried on the north side of the road in the
NWYUNWY sec. 2, Smith Township. Laterally the
sandstone grades into siltstone, and at some places
mudstone occurs in the upper part of the unit.

The sandstone and siltstone range in color from tan
to grayish olive. The sbale ranges from grayish olive
to reddish brown and is variegated olive gray and
reddish brown at some places. The mudstone in the
upper part of the unit is also variegated olive gray and
reddish brown.

DILLES BOTTOM LIMESTONE MEMBER

A persistent limestone underlies the Big Run coal bed
throughout southeastern Belmont County. In this
report it is named the Dilles Bottom limestone member
for outcrops near the summit of the ridge that lies
southwest of Big Run and north and northwest of
Dilles Bottom in secs. 6, 7, and 13, Mead Township.

The member, which is 57 to 63 feet above the Jolly-
town “A” coal bed, ranges in thickness from a few
inches to 6 feet, and in most places consists of several
beds of limestone interbedded with eclay (pl. 27).
Good outcrops of the Dilles Bottom limestone member
are along the ridge road south of Big Run in south-
eastern Mead Township, where the limestone is exposed
beneath the Big Run coal bed (pl. 27, sections 5 and 7).
It is also well exposed near the tops of the ridges in
southern Washington and southern York Townships
(pl. 27, sections 2, 3, 4, and 6). The limestone is
impure and characteristically weathers into small
slabs, which fall apart into shaly fragments after pro-
longed weathering.

The limestone is light olive gray on a fresh fracture
and weathers to shades of yellowish gray or very
light gray.

Ostracodes were the only fossils seen in this limestone.

BIG RUN COAL BED

A persistent coal bed lies from 64 to 71 feet above
the Jollytown “A” coal bed and from about 170 to
195 feet above the Washington coal bed in southeastern
Belmont County. Its line of outcrop is shown on
plate 1. The interval between this bed and the
Washington coal is thickest in the southeastern corner
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of the county and thins toward the northwest and
north (pl. 21). The best exposures of the bed are in
the road banks along the ridge crest south of Big Run
in secs. 6 and 7, Mead Township, and it is named the
Big Run coal bed for these outcrops (pl. 27).

The Big Run coal bed, which ranges from about 1 to
8 feet in thickness, is made up of coaly shale, clay, soft
clayey shale, carbonaceous shale, limestone, and
sandstone. A parting that separates the coal into two
benches is a distinctive feature of the bed. This
parting is sandstone in Mead, York, and most of
Washington Townships (pl. 27, sections 2, 5, 6, and 7),
is limestone at one locality in southwestern Washington
Township (pl. 27, section 1), and is absent in sec. 2,
Smith Township, and in sec. 2, Richland Township
(pl. 27, sections 3 and 8). The thickness of the parting
ranges from a few inches to more than 5 feet.

The benches of the coal bed above and below the
parting are quite different. Where the parting is
sandstone, the lower bench is the thicker of the two
and varies in composition from bony coal to coaly
shale interbedded with soft, brownish-gray, elayey
shale containing plant fragments. Along the top of
the ridge south of Big Run the entire lower bench
consists of coaly shale. The upper bench is made up
of very plastic light-gray clay, which contains carbon-
aceous streaks in many places. Where the parting is
limestone instead of sandstone, the stratigraphic posi-
tions of the shale and clay are reversed; the shale and
coaly bands occur in the upper bench and the clay in
the lower bench.

The Big Run bed consists of 1 foot 9 inches of bony
coal in a cut of the abandoned narrow gauge railroad
in the SEY4NEY sec. 8, Smith Township. Stauffer
and Schroyer (1920, pl. IV) erroneously called the coal
bed in this cut the Jollytown “A” and the limestone
beneath it the Upper Washington.

As stated above, the Big Run coal bed is best exposed
in the road banks along the ridge south of Big Run.
The bed was uncovered by digging in the road bank
a few hundred feet east of the road intersection at
elevation 1,226 in sec. 31, Mead Township. Locations
of other exposures of the Big Run coal bed are given
on plate 27. Because of its persistence and its dis-
tinctive character, the Big Run coal bed is a better
stratigraphic marker in southeastern Belmont County
than the Jollytown ‘A’ coal. This coal bed is probably
equivalent to the Dunkard coal of Marshall County,
W. Va. (Cross and Schemel, 1956, p. 52, sec. A).

UNDIFFERENTIATED STRATA OVERLYING THE BIG RUN COAL BED
AND UNDERLYING THE POWHATAN POINT LIMESTONE MEMBER

The thickness of the strata between the Big Run
coal bed and the overlying Powhatan Point limestone
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member ranges from 66 feet in sec. 7, York Township,
to 77 feet in sec. 8, Washington Township (pl. 28).
These rocks crop out only near the hilltops in south-
eastern Belmont County; they are obscured by weath-
ering in most places. The best exposure is west of
Powhatan Point along the road which runs southwest
from State Highway 7 to the ridge top (pl. 28, section 5).

Shale, from a few inches to several feet thick, overlies
the Big Run coal bed and in turn is overlain by shaly
sandstone or siltstone 20 to 30 feet thick. Nodular
limestone or clay several feet thick generally overlies
the sandstone or siltstone. In sec. 6, Mead Township,
a thin impure coai bed lies 36 feet above the Big Run
coal bed (pl. 28, section 6), but coal was not seen else-
where at this stratigraphic position. A thin clay rep-
resents this coal bed at other places in the county.

Presumably the Fish Creek coal of Cross and Schemel
(1956, p. 52) would lie within these undifferentiated
strata, but as coal was seen at only one place in Belmont
County, that name cannot be logically applied.

The 36- to 55-foot interval between the bed of clay
36 feet above the Big Run coal bed and the Powhatan
Point limestone member is occupied by shaly sand-
stone, siltstone, shale, and mudstone, and beds of nod-
ular limestone. On the ridge west of Powhatan Point
in sec. 7, York Township (pl. 28, section 5), these strata
are chiefly reddish mottled shale, clayey siltstone, mud-
stone containing calcareous nodules, and one or two
beds of nodular limestone. West of Powhatan Point
in sec. 8, Washington Township, the rocks in this
interval are almost entirely sandstone and shaly silt-
stone (pl. 28, section 2) which may be equivalent to
the Fish Creek sandstone of West Virginia (Cross and
Schemel, 1956, p. 52, sec. A).

North of Powhatan Point, in secs. 6 and 12, Mead
Township (pl. 28, sections 6 and 4), where the Powhatan
Point limestone member, and some of the underlying
strata have been removed by erosion, the 50 feet or
more of strata above the Big Run coal bed consist of
siltstone, sandstone, mudstone, and small amounts of
reddish-brown shale and limestone. The limestone at
the top of the outcrop in sec. 12, Mead Township (pl.
28, section 4), appears to be equivalent to the limestone
in the central part of the section west of Powhatan
Point (pl. 28, section 5).

POWHATAN POINT LIMESTONE MEMBER

The Powhatan Point limestone member is here
named for its prominent outcrops west of Powhatan
Point along the road cut just north of the saddle where
the road crosses the ridge, near the west-central edge
of the southwestern part of sec. 7, York Township.
This limestone also crops out at a number of places
along the ridge tops to the west in Washington Town-



STRATIGRAPHY 67

ship (pl. 28). The interval between the Washington
coal bed and the Powhatan Point limestone member
in Belmont County is 265 to 270 feet. In places in
Marshall County, W. Va., the Nineveh limestone of
Hennen (1909, p. 132-147) is about 310 feet above
the Washington coal bed and correlation with the
Nineveh limestone would seem possible on the basis
of comparable intervals. In other places in Marshall
County, W. Va., however, Hennen calls a limestone
bed 530 feet above the Washington coal bed the
Nineveh. An increase of 220 feet in interval within
one county seems excessive for this area, and Hennen
probably used the same name for two different lime-
stone beds. According to Cross and Schemel (1956,
p. 52-53), the Nineveh limestone lies approximately
400450 feet above the Washington coal bed in West
Virginia. If they are correct, then the Powhatan
Point limestone member is probably equivalent to a
limestone beneath their Hostetter coal instead of the
Nineveh limestone.

The Powhatan Point limestone member ranges from
1% to 15 feet in thickness and occurs about 265 feet
above the Washington coal bed, about 140 feet above
the Jollytown “A” coal bed, and about 65 to 76 feet
above the Big Run coal bed.

The member is thickest at the type locality west of
Powhatan Point, where it consists of three groups of
limestone beds separated by shale. The lower bench
consists of a single bed, but the middle and upper
benches are each made up of several beds. Clayey
shale 3 feet thick lies between the lower and middle
benches, and 2 feet of shale separates the middle
and upper benches. West of that outcrop the member
thins (pl. 28) and is absent in sec. 2, Washington
Township, and sec. 13, York Township.

The beds of limestone in the Powhatan Point member
are commonly impure. On fresh surfaces the rock is
olive gray to brownish gray, but it weathers to shades
of yellowish gray.

A profusion of Spirorbis casts is in the upper bench
of the member on the ridge near Powhatan Point and
fragments of fish bones, fish plates, and small gastropods
were seen in the southeastern part of sec. 32, York
Township, where the limestone crops out on the south
hillside near the point where a farm lane enters the
main road from the south. Spirorbis appears to be
the most abundant fossil in the Powhatan Point
limestone member.

HENDERSHOT COAL BED

A thin impure coal bed overlies the Powhatan
Point limestone member near the tops of the hills at

an elevation of about 1,300 feet in southern York and

Washington Townships (fig. 22 and pl. 28), but is

absent at the type locality of the Powhatan Point.
The bed is a good stratigraphic marker and is here
named the Hendershot coal for outerops along
Hendershot ridge.

The Hendershot coal bed, which is nowhere more than
3 or 4 inches thick, lies about 270 feet above the Wash-
ington coal bed, about 150 feet above the Jollytown
“A” coal, and about 80 feet above the Big Run coal,
and may be equivalent to the Hostetter coal of Cross
and Schemel (1956, p. 52). It is a coaly shale that is
separated from the underlying Powhatan Point lime-
stone member by an underclay that is a few inches to
more than a foot thick.

The best outcrop is in the southeastern part of sec. 32,
York Township, in the west road bank at the inter-
section of a farm lane and the main road where the
coaly shale contains fish teeth and dermal plates (pl. 28,
section 3). Other exposures are in the road ditch west
of the church in the northeastern part of sec. 2, Wash-
ington Township, in the road ditch west of the inter-
section at Hendershot in sec. 2, Washington Township,
in the road bank east of the house in the south-central
part of sec. 8, Washington Township, in the bank of the
abandoned road just north of the intersection at eleva-
tion 1,325 in the southwestern part of sec. 8, Washing-
ton Township (pl. 28, section 2), and in the road ditch
and bank just east of the road intersection in the
NWYNWY; sec. 18, Switzerland Township, Monroe
County (pl. 28, section 1). The Hendershot coal bed
apparently is absent along the ridge just west of Pow-
hatan Point.

UNDIFFERENTIATED STRATA OVERLYING THE
HENDERSHOT COAL BED

Approximately 106 feet of strata overlies the Hender-
shot coal bed in a few places in southern York and
Washington Townships, but the upper 10 to 20 feet is
on the hilltops and could not be examined, because of
soil cover.

The most complete outcrop of these strata is in the
SWYNWY sec. 13, York Township, along a ravine on
the south side of the hill, north of the road (fig. 22).
The Hendershot coal bed and Powhatan Point lime-
stone member are absent in the ravine but are exposed
on the hillside a short distance to the west. The lower
19 feet above the Hendershot coal bed consists of
grayish-olive silty shale, very shaly siltstone, and a
layer of clay. The shale and siltstone are overlain by
13 feet of impure friable sandstone containing some
shale, which in turn is overlain by 7 feet of silty shale.
The rest of the section is deeply weathered and details
are obscure. Reddish mudstone and some fragments
of sandstone were seen. A disturbed conglomeratic
sandstone bed containing limestone pebbles is near the
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F1gURE 22.—Columnar section of the undifferentiated strata above the Hendershot,
coal bed.

top of the hill at a stratigraphic position approximately
67 feet above the Hendershot coal bed. This sandstone
is overlain by reddish mudstone. The rest of the strata
to the top of the hill are covered.
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Massive sandstone interbedded with shale overlies
the Powhatan Point limestone member in the south-
western corner of sec. 7, York Township (pl. 28, section
5), where the Hendershot coal is absent. There two
layers of massive, friable sandstone are 7 feet and 27
feet above the Powhatan Point. The lower and more
massive layer is 13 feet thick and is separated from the
underlying limestone by dusky-yellow shale. The
upper layer, which crops out at the highest point on
the road at the ridge top, is more than 10 feet thick
and is separated from the lower sandstone layer by 7
feet of variegated olive-gray to reddish-brown shale.
Near the center of this shale is a thin band of dark-
gray plastic clay. These two layers of sandstone
appear to be equivalent to the two sandstone units above
the Hendershot coal bed in sec. 8, Washington Town-
ship (pl. 28, section 2), and they may be equivalent
in part to the Burton sandstone of Cross and Schemel
(1956, p. 52, sec. A).

Shaly to flaggy sandstone overlies the Hendershot
coal bed in most places in southern York and Washing-
ton Townships.

QUATERNARY DEPOSITS

The unconsolidated sand, gravel, and boulders along
the streams and stream valleys are the youngest
deposits in Belmont County (pl. 1). These uncon-
solidated deposits include both stream-bed and flood-
plain deposits, terrace deposits, and perched deposits
of alluvium in the upper or headwater parts of some
of the streams. No fossils or other data were found
for precise dating of the alluvium, but it is presumed
to be of Recent age. The perched alluvium may be
of Pleistocene age.

ALLUVIOM
STREAM-BED DEPOSITS

Lenticular deposits of intermixed silt, sand, gravel,
and boulders, derived by weathering of the bedrock
of the adjacent hills, lie along the beds of all the streams.
In general the thickness of these deposits increases
towards the mouths of the streams and is greatest
along the main courses of Captina, McMahon, and
Wheeling Creeks in the eastern half of the county.

Along the lower courses of these three streams, the
deposits are silt, sand, fine gravel, and a few cobbles
and boulders. Westward toward the headwaters, the
silt content of these deposits decreases and the coarse
gravel and boulder content increases. The boulder
content is not only a function of distance from head-
waters but is also related to the local relief, as shown
by the abundance of boulders in the easternmost part
of the county along the steep ravines. Some boulders
have diameters of several feet, but the average in
most places is about a foot. The boulders are mostly
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limestone because the sandstone and siltstone are
generally too friable to withstand abrasion.

FLOOD-PLAIN DEPOSITS

Stratified deposits of silt, sand, and fine gravel lie
adjacent to the channels of some of the larger streams.
These deposits are laid down on the flood plains when
the water rises above the bank of the stream channels
and spreads laterally across adjacent flat areas.

Because of the youthfulness of the Ohio River system
in this area, the flood plains are very narrow. The most
extensive flood-plain deposits along the Ohio River are
on the concave or slip-off side of the river meanders
(pl. 1). Flood-plain deposits are also present along
Captina Creek, McMahon Creek, and Wheeling Creek,
mainly in the eastern half of the county.

The thickness of the flood-plain deposits is variable
because of irregularities on the surface of the underlying
bedrock and because of later erosion. The maximum
thickness of the flood-plain deposits, as determined
from damsite core holes, is 60 to 75 feet. The thickness
of these deposits along Captina, McMahon, and Wheel-
ing Creeks is much less than the thickness of the deposits
along the Ohio River. Test holes for coal drilled in the
northern part of sec. 4, Washington Township, and near
the center of sec. 33, York Township, indicate a thick-
ness of about 20 feet for the flood-plain deposits at
those localities.

Although the present meandering courses of Captina,
MecMahon, and Wheeling Creeks are superimposed from
a more maturely developed stage that was reached
either just before or during the Pleistocene glacial
epoch, the narrow flood plains along these streams
indicate that they have again reached maturity.

The unconsolidated deposits north of Captina Creek
in the northern part of sec. 4 and the southern part of
sec. 5, Washington Township, are in part flood-plain
deposits and in part abandoned stream channel de-
posits in a cutoff meander that forms the loop in the
south-central part of sec. 5.

TERRACE DEPOSITS

Low terraces in the flood-plain deposits, particularly
along the Ohio River, indicate that the Ohio River in
this area has been downcutting in the recent past. This
process has been arrested in recent years by the con-
struction of dams and locks along the river.

The lowest terrace along the Ohio River has an
average elevation above sea level of about 640 feet, or
about 30 to 40 feet above the level of the river. This
terrace is wide at several places and several cultural
features are built on it, including the airport about a
mile south of the northeastern corner of the county;
the northeastern part of Martins Ferry; the eastern
part of Bellaire; and Powhatan Point. This terrace is
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a part of the present flood plain and is covered by water
during floods.

A second terrace, which is less conspicuous and more
restricted, is at an elevation of about 680 feet, or about
50 feet above the river. This terrace is widest at
Shadyside and the central part of the town is built on
it. For a short distance southwest of Shadyside,
State Highway 7 lies on this terrace. The northern
part of Bellaire opposite Boggs Island is built on the
second terrace, and it is also locally present between
Aetnayville and Martins Ferry.

The third terrace is at an elevation of about 700 feet,
or about 60 to 70 feet above the river. This terrace is
well defined in the large meander at the southeastern
corner of Mead Township, where State Highway 7
crosses it, and at Martins Ferry, where it appears to be
a remnant of an abandoned subsidiary channel of the
Ohio River. The elongate area in the central part of
Martins Ferry, which has an elevation of about 720
feet, seems to have been an island, and State Highway 7
in Martins Ferry follows the abandoned subsidiary
river channel.

Certain features along Captina Creek within a few
miles of its mouth indicate that the 700- to 720-foot
terrace may represent a previous gradation period for
the Ohio River. The elevation of the old channel of
Captina Creek in the cutoff meander in sec. 8, York
Township, is 720 feet, and the slightly lower abandoned
meander in the northern part of section 20 is probably
of the same age. Since rejuvenation and readjustment
of the course of Captina Creek, the older channel
deposits have been largely removed by erosion, but the
comparable elevations of the abandoned channels of
Captina Creek and of the Ohio River at Martins Ferry
indicate that they are time equivalents. The age of the
third terrace and the abandoned channels cannot be
dated precisely from data gathered in Belmont County
but is possibly Pleistocene.

No terrace deposits of comparable elevation were
found elsewhere, but the abandoned stream channel in
the northwestern part of sec. 3, York Township, at an
elevation of just over 800 feet is of interest because it
may have been the main channel of Little Captina
Creek when the drainage of this area was toward the
north rather than toward the south, as it is today.
The reversal probably occurred during the Pleistocene
epoch.

Gravel-covered terraces of local extent were reported
by Leverett (1902, p. 92) to be at an elevation of about
965 feet in the vicinity of Wheeling, W. Va., and
Bellaire, Ohio. No terrace deposits were found at this
elevation by the writer, but settlement along the Ohio
River valley since Leverett’s observations has probably
obscured them. Leverett also states that a gradation
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plain lies at an elevation of about 1,000 feet in the same
area, and evidence for this plain was found at several
places.

Between Bridgeport and Little Captina Creek, at an
elevation of about 1,000 feet, are several small flat
areas that may be high terraces or perhaps remnants of
an old gradation plain. Data positively identifying
them as such are lacking, but the soil on these areas
seems to be thicker than on other summits nearby and
could be in part silt deposits. These surfaces are east
of the ridge road just south of Bridgeport; east of
Indian Run at Bellaire; east of the Cash Hill road just
south of Wegee; and east of the ridge road in sec. 9,
York Township. If these areas are remnants of a
gradation plain, they are possible early Pleistocene
in age.

PERCHED ALLUVIUM

Small patches of alluvium consisting of mixed clay,
silt, small boulders, and pieces of tree trunks were found
in places along tributaries in the headwaters of the
larger streams. These deposits are perched along the
sides of the streams and form the upper part of the
stream banks, the lower part of the banks and the
stream bed being bedrock. A good outcrop of this
material showing its relation to bedrock occurs at an
elevation of about 1,140 feet near the head of the small
ravine that lies east of the road in the southwestern
part of sec. 24, Wayne Township. There the alluvial
deposit is several feet thick and overlies, in the stream
bank, the Waynesburg coal bed which had been partly
removed by stream erosion before the deposition of the
alluvium. After deposition of the alluvium, the stream
resumed degradation, eroding through the alluvium and
into the bedrock. This same relation of perched allu-
vium to bedrock beds of the streams was seen at other
places and suggests that the drainage profile or general
relief during deposition of the alluvtum was more sub-
dued than at the present time. This alluvium is
probably of Pleistocene age.

No systematic attempt was made to locate and map
all these deposits because of their small extent.

Lithified alluvium consisting of sand, pebbles, and
cobbles with a calcareous cement crops out along
Glenns Run in the south road cut about two-tenths of a
mile east of the road intersection in the southeastern
part of sec. 19, Pease Township, at an elevation of
about 670 feet. The age of the deposit is not known,
but it may be Pleistocene. This is the only lithified
alluvium found in Belmont County.

SEDIMENTATION

The sandstone, siltstone, shale, mudstone, clay,
limestone, and coal of Belmont County were deposited
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as sand, silt, mud, and plant remains. Their deposition
is a part of the history of the Appalachian geosyncline
which covered parts of eastern North America during
the Paleozoic era (Schuchert, 1955).

During most of its history, this subsiding geosyn-
cline was covered by an open epicontinental sea that
received thick and extensive deposits of sand, shale,
and limestone. Near the end of its existence, in Late
Pennsylvanian and early Permian times, however,
the part of the sea that covered the parts of Ohio and
adjacent States that constitute the northern -Appa-
lachian basin was a shallow, restricted northeastern
embayment fringed by swamps characterized by very
luxuriant plant growths. The extent of the swamps
fluctuated with periodic oscillations in water level.
The water was generally shallow, and following slight
drops in its level the swamps spread extensively, but
following slight rises large areas of the swamp were
drowned and eventually covered by sediments. The
intertonguing of the thin sheetlike bodies of sandstone,
limestone, and coal is in part a result of fluctuations of
the inflow of water into the basin of deposition and in
part a result of variations from time to time in the
amount and nature of clastic material that was avail-
able in the source areas.

The relatively nondiversified diminutive fauna in
most of these rocks indicates deposition in one of two
possible environments—ifresh to brackish or hyper-
saline water. As evaporites are unknown in the Penn-
sylvanian and Permian strata of the northern Appala-
chian basin, the water is presumed to have been fresh
to brackish. Furthermore, Weller (1957, p. 333) and
Cross and Schemel (1956) have also concluded that
Spirorbis and Lingula, both present in these strata,
were not marine forms during Pennsylvanian and
Permian time. Water around the margin of the basin
was probably fresh because of stream discharge, but
water in the central part and in the southwestern part
nearer the epicontinental sea was probably brackish.
Thin units abounding in marine fossils, however, are
interbedded with the nonmarine beds, that indicate
that the sea sometimes encroached eastward across
the flat, swampy northern Appalachian basin. The
periods of marine transgression gradually became less
frequent and apparently ceased after middle Conemaugh
time. The youngest marine stratum in Belmont
County containing unequivocal marine forms is the
Ames limestone member of middle Conemaugh age
(pls. 1 and 2), but elsewhere the Skelley limestone of
Condit (1912) and Birmingham shale member, which
lie 25 to 30 feet higher, contain marine fossils.

During Late Pennsylvanian and early Permian times,
the northern Appalachian basin seems to have been
isolated from the epicontinental sea, or its connection
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DEPOSITIONAL ENVIRONMENT AND PALEO-
GEOGRAPHY

CONEMAUGH FORMATION

Sedimentary rocks of the Conemaugh formation in
Belmont County are deltaic and consist of alternate
layers of continental, fresh- to brackish-water, and
marine deposits. In contrast to typical wedge-shaped
deltas that form in basins where the bottom slopes
gradually from shore to deep water, the Conemaugh
delta consists of relatively thin, sheetlike deposits that
appear to have accumulated mainly in very shallow
water. A deltaic environment is indicated by the high
percentage of sandstone and siltstone, by the scarcity
of coal, and by red beds, whose color may be the result
of oxidation in surficial zones. Scarcity of coal and
presence of red beds may indicate a relatively dry but
not arid climate.

Clastic rocks, including sandstone, siltstone, shale,
mudstone, and clay, make up about 93 percent of the
formation; limestone about 6 percent; and impure coal
an insignificant 1 percent. Approximately 18 percent
of the clastic rocks, chiefly the mudstone and shale, are
red (fig. 25).

The sandstone and siltstone of the Conemaugh
formation are parts of extensive sheets that seem to
extend inte the county from the northwest and also
trom the northeast. Individual units or layers are
characterized by considerable variation from place to
place in both thickness and grain size. In general the
thickest parts of these layers are also the parts having
the coarsest grain size, indicating that they mark the
location of stream channels.

The sandstone units are irregularly bedded, but the
siltstone units which accumulated in quieter water are
generally even bedded and laminated. The sandstone
and siltstone grade into each other in an irregular, and
in places, erratic pattern. Lenses of sandstone with
cut-and-fill structure are in many places enclosed in
even-bedded siltstone. These are fluvial features which
resulted from periodic changes in stream velocity, sedi-
ment load, and direction of flow. Crossbedding, mostly
of the current-bedding type, is present in parts of every
sandstone unit, and current ripples are locally present.
Interpretation of direction of current flow from orienta-
tion of crossbedding and current ripples was hampered
by spotty outcrops, but at most places these markings
show a random orientation that is the result of frequent
shifts in the direction of current flow.

The red beds are principally mudstone and thin shale
that grade into nonred siltstone and sandstone. In
Belmont County it was not possible to determine
whether the red beds are primary deposits or whether
the red color results from secondary oxidation of ferrous
iron. In the Conemaugh formation the red beds occur
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in type A and B cycles in association with carbonaceous
clays. It may be significant that in the type C and D
cycles of the overlying Monongahela formation this
part of the cycle is represented by a thick coal and non-
marine limestone. This may indicate greater aridity at
the time of deposition of the red beds, resulting in
decreased plant growth and increased destruction of
plant material by oxidation and accompanying oxida-
tion of minerals containing ferrous iron.

The limestone beds, which make up about 6 percent
of the formation, are thin units consisting of one or
more beds separated by thin bands of clay. Both
marine and fresh- or brackish-water limestone beds are
present. The marine limestone units were deposited
during periods of rise in sea level that caused the epi-
continental sea to spread temporarily northeastward
into the northern Appalachian basin covering the sheet-
like fluvial deltas. Stratigraphically the marine and
fresh- to brackish-water limestone units occupy differ-
ent positions in the sedimentary cycle. The marine
limestone units lie just above the thin carbonaceous
clay or thin coal beds, but the fresh- or brackish-water
limestone units lie just below similar units. A notable
feature of the fresh- or brackish-water limestone is the
brecciated upper part of some of the beds. The brec-
ciation is believed to have formed when the process of
deposition was interrupted by brief periods of aridity
that dried up the lakes or brackish swamps and ex-
posed the limy mud flats to subaerial desiccation, dur-
ing which sun cracks were formed. The upper cracked
and hardened layer of mud was subsequently disturbed
and reworked by running water when deposition was
resumed. This feature is conspicuous evidence of the
shallowness of the depositional basin.

The paleogeography of the part of the Conemaugh
delta that covered Belmont County is indicated by the
thickness and distribution of the sandstone. Thus, in
northwestern Belmont County, a deltaic lobe which
had a southeast trend is indicated by the high per-
centage of sandstone and siltstone. The sandstone and
siltstone unit of cycle 2 (pl. 29) represents continuous
deposition of clastic sediments in northwestern Belmont
County; yet to the northeast in Jefferson County and
to the southwest in Guernsey County, the Barton coal
bed and Ewing limestone member were deposited dur-
ing a part of the same period. The thin red shale in
the upper half of the sandstone unit of cycle 2 may be
roughly a time equivalent of that coal and limestone.
Moreover, the general lack of coals in northwestern
Belmont County during early and middle Conemaugh
time is also indicative of a deltaic lobe, as lenticular
coals occur to the northeast in Harrison County and in
Jefferson County (Lamborn, 1930), to the southwest
in Guernsey County (Condit, 1923), and to the east
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in West Virginia (Grimsley, 1907), where they have
been recorded in drill holes.

During late Conemaugh time the drainage pattern
seems to have shifted slightly towards the east because
the sandstone units of cycles 5, 6, and 7 (pl. 29) coa-
lesce to form a deltaic lobe that extends from the north-
east into the northeastern part of Belmont County and
indicates continuous sandstone deposition during three
complete sedimentary cycles.

MONONGAHELA FORMATION

Two predominant sedimentary facies are represented
in the Monongahela formation of Belmont County.
During much of Monongahela time, lime mud was
accumulating over the eastern part of the county
while sand and silt were being deposited in the western
part. The lime mud was laid down in quiet water,
probably at some distance from shore. It is a fresh-
or brackish-water deposit that corresponds roughly to
the neritic or epineritic deposits of the marine environ-
ment. The sandstone, siltstone, and mudstone are
deltaic deposits. The interfingering of these lithologic
units in western Belmont County during early and
middle Monongahela time, and across all but the
southeastern part of the county in late Monongahela
time, is the result of periodic fluctuations in the size
of the main delta. As both the bottom of the basin of
deposition and the adjacent land were areas of very
low relief, changes in water level of only a few feet
caused extensive migration of the shoreline. Coal
beds that normally overlie the limestone beds represent
extensive swamps during periods when the basin of
deposition had reached equilibrium and was receiving
only small amounts of sediment. The two thickest
coal beds, the Pittsburgh and the Sewickley, are per-
sistent in both facies of the formation, but the other
beds are more irregular and show thickness trends
which appear to be the result of environmental control.

All the sandstone beds of the Monongahela formation
in Belmont County are sheet deposits, but the Pitts-
burgh and Sewickley sandstone members in the lower
part of the formation are more lobate and less exten-
sive than the sandstone beds in the upper part of the
formation. The configuration, distribution, and stratig-
raphy of the four most prominent sandstone members
are shown in figure 26. The Pittsburgh and Sewickley
sandstone members mark the basinward edge of deposits
laid down by or closely associated with a delta dis-
tributary stream. Although the sandstone bodies are
similar in shape, the depositional history of these two
sandstone members is different. The Pittsburgh sand-
stone member is mostly a massive coarse-grained rock
that fills a very broad channel that is cut into under-
lying strata. The Sewickley sandstone member con-

tains a few channel fillings in its basal part but is
mostly a laminated, platy deposit containing much
carbonized plant debris. It represents a receding
deltaic lobe that was gradually transgressed and
covered by deposits of limestone.

The sandstone beds in the upper part of the forma-
tion also have channel phases in geographic positions
similar to those of the Pittsburgh and Sewickley
sandstone members, but they are principally fanlike
deposits that were spread laterally between distribu-
taries. In the eastern part of the county these sand-
stone deposits grade laterally into calcareous mudstone
and limestone.

Crossbedding of the current-bedding type, small-scale
foreset beds, cut-and-fill structural features, and current
ripple marks, all indicative of deposition by fluvial
action, occur from place to place in all the sandstone
units. The foreset beds were found to be reliable
indicators of current direction within limited areas,
but the orientation of the crossbedding and current
ripple marks within a succession of beds at some
localities varies as much as 180°.

The sedimentational history of individual units of
sandstone involved two main stages of deposition.
This is indicated by the relation of the coarse-grained
phase within each unit to the fine-grained phase.
Sediments deposited during the initial stage consisted
mainly of mud, silt, and fine-grained sand that were
spread out as sheets. In places these deposits are
ferruginous and contain ironstone concretions. The
deposition of fine-grained clastic sediments was ter-
minated by stream rejuvenation and channel cutting
that eroded away some of the fine-grained silt and sand
of the initial stage as well as some of the strata beneath
the silt and sand. The channels were eventually filled
by coarse-grained sand as a result of aggradation, and
deposition of sheet silt and fine sand was resumed.
Gradually the clastic sediments became finer grained
and most of the sandstone units grade upward into
shaly mudstone and impure clay containing limy
nodules. The change in the sedimentary processes
involved in the two stages of sandstone deposition is
illustrated in figure 27.

Several of the sandstone units have basinward facies
of mudstone and siltstone that are characterized by
their distinctive green color. These green beds are
believed to have been deposited in a restricted part of
the basin where, because of a deficiency of oxygen, the
iron compounds were subject to reduction rather than
oxidation.

Thin red beds, whose color is a result of oxidation of
iron compounds on surficial parts of a delta, occur
locally in the southwesternmost part of Belmont
County.
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FIGURE 27.—Diagrams showing mechanics of two-phase deposition of some sandstone units in the Monongahela formation and Dunkard group as typified by the Pitts-
burgh member of the Monongahela formation and the Mannington member of the Dunkard group. A, First phase of sandstone deposition: building of delta
composed of clay and silt. B, Second phase of sandstone deposition: (1) stream rejuvenation and incisement into delta; (2) building of second delta basinward and
deposition of coarse sand along incised channels. C, Profiles showing effects of stream rejuvenation on distribution of sandstone: (1) elevation of upper part of delta
by uplift of source area and by lowering of water level in basin of deposition; (2) incisement of delta and stream course from delta; beveling of first delta and building
of a new delta in part from sediments eroded from the older delta and in part from coarse-grained sandstone from the highland source area; (3) gradual rise in water
level in part as a result of volumetric displacement by broad deltaic fans, and in part as a result of increased influx of water into the basin.



82 GEOLOGY AND COAL RESOURCES OF BELMONT COUNTY, OHIO

Limestones in the Monongahela are sheet deposits
that thin northwestward across the county; those in the
upper part of the formation pinch out northwestward
and their place is taken by sandstone. In parts of the
county where the sedimentary cycles of the Mononga-
hela formation are complete and contain sandstone,
limestone, and coal, the limestone units overlie the sand-
stone units and are separated from them in most places
by a gradational layer of siltstone and mudstone con-
taining limy nedules.

Three features are common to most of the limestones.
They are multibedded and relatively impure and lack
fossils that are generally associated with a marine
environment. The beds of limestone range from
nodvlar masses to dense persistent layers that are sep-
arated by thin layers of impure shaly clay locally
containing carbonaceous plant debris. The average
thickness of individual beds is about 1 foot, but the
range of thickness is from a few inches to several feet.
The upper and lower surfaces of most of the beds are
somewhat undulatory, but from a distance the lime-
stone units have an even-bedded appearance.

Individual beds in some of the units of limestone are
conglomeratic, and the upper parts of some of the beds
are sedimentary breccia that formed as a result of ex-
posure to subaerial desiccation. The upper surface of
the temporarily exposed lime mud was hardened and
cracked, forming loose crusts that were disturbed
during subsequent inundation, and recemented fol-
lowing inundation when lime deposition was resumed.

The limestone units in the lower half of the forma-
tion were deposited during periods when the shoreline
lay some distance to the northwest. During those
periods, relatively little clastic sediment reached Bel-
mont County. The bottom of the basin was even and
nearly flat. The depth of water probably never ex-
ceeded 10-15 feet, and, periodically, extensive parts of
the basin bottom that lay adjacent to the shoreline
were exposed as mud flats.

Sheets of impure clay (underclay) ranging in thick-
ness from a few inches to several feet overlie the lime-
stone units and separate them from overlying coal beds.
Layers of shaly, impure clay commonly containing
carbonaceous bands also overlie the coal beds in most
places. The clay is generally purest just beneath the

coal beds and becomes less pure downward. The lime .

impurities are most common in the lower parts of the
clay, which seems in many places to be gradational into
the underlying limestone. Where the limestone is
absent, the clay grades almost imperceptibly into the
mudstone and silstone of the upper part of the sand-
stone units. The clay is commonly plastic and con-
tains, in addition to clay minerals, variable amounts of

impurities that include grains of quartz, mica, pyrite,
limonite, and small limy nodules. Locally, where the
percentage of impurities is high, the fine-grained layers
beneath the coals consist of friable mudstone rather
than clay.

The intimate association of underclay and coal in
strata of Carboniferous age has resulted in consider-
able study of underclay. Theories as to origin gener-
ally are divided into two groups—one which considers
underclay beds to be ancient soils and the other which
considers them subaqueous clay deposits.

For many years the generally accepted concept was
that underclay beds were soils on which the coal-form-
ing plants of a peat swamp grew. The principal bases
for this opinion were the almost universal occurrence
of underclay beneath coal of Carboniferous age and
the not uncommon occurrence of root markings or
stigmaria in the clay.

Stout (Stout and others, 1923, p. 541-545) believed
underclay to be accumulations of terrigenous sediments
and minerals from plant ash and that the beds repre-
sent periods of swamp growth preceding actual coal-
swamp development and during which the plant
remains were destroyed by oxidation. The general
concept of underclay as soil formed by leaching and
oxidizing ground waters during a period of prolonged
exposure to weathering was developed further by
Weller (1930, p. 121), who stated that “* * * all zones
of a characteristic poorly drained weathering profile
* % %7 had been observed in certain underclay beds
in Illinois.

Although the depositional or sedimentary concept
has developed largely in the last quarter of a century,
Gresley (1894) described features of the “slate bind-
ers”’ or clay partings in the Pittsburgh coal bed that
suggest a sedimentary origin. He was impressed by
the remarkable uniformity of thickness, lithologic char-
acter, and spacing of the “twin-partings” near the
center of the coal—features that persist over an area
of approximately 15,000 square miles. He felt that
this implied transport and deposition by water. He
further pointed out the ‘“mottled” appearance of these
partings and interpreted it as a result of the clastic
nature of the clay, accentuated perhaps by some inter-
action between particles after deposition. It has al-
ready been noted in the section on stratigraphy that,
in parts of western Belmont County, the underclay
of the Pittsburgh coal possesses a mottled or clastic
appearance—apparently similar to that described by
Gresley. As to the lithologic character of the under-
clay beneath the Pittsburgh coal, Gresley (1894, p. 364)
described it as a calcareous shale containing numerous
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remains of an aquatic fauna. Except for the fauna,
his description can be applied to the Pittsburgh under-
clay in many parts of Belmont County.

Improved optical methods and X-ray techniques
in the study of clays in recent years has increased
knowledge of the properties and ganesis of clay minerals
and has made possible the recognition of some of the
physicochemical conditions responsible for the alteration
of certain minerals to clays in place and also during
transport and at the site of deposition. Likswise,
conditions that tend to preserve or protect clay minerals
from further alteration after deposition can be
postulated. Using optical and X-ray criteria in their
study of the petrology of the Pennsylvanian underclays
of Illinois, Grim and Allen (1938, p. 1507) concluded
that: “Most of the underclays do not appear to have
been altered, after accumulation and before burial,
by any processes similar to those forming modern soils.”
They also stated that (p. 1501): “There is no indication
of any vertical variation due to long-continued selective
weathering.”” They believed that Illinois underclays
formed as subaqueous deposits with enough temporary
exposure after deposition to allow some vertical redis-
tribution of calcite, organic material, and limonite
but not enough for the alteration of the clay minerals.
In a similar but much more extensive study that
included the Appalachian, Illinois, and Midcontinent
basins, Schultz (1958) paid particular attention to the
distribution and interlayering within underclays of
the various clay minerals—illite, montmorillonite,
kaolinite—as well as quartz, chloritic minerals, and
feldspar. He found not only that feldspar does not
decrease nor kaolinite increase in amount toward the
top of the profile, as would be expected if intensive
weathering had taken place, but that chlorite, a mineral
easily destroyed by weathering, occurs in the upper
part of many underclays. Schultz concluded that
(p. 391):

The relationships between underclays and coals indicate that
the underclays formed before the coals were deposited. Further-
more, lack of a soil profile similar to modern soils and similarity
of the mineralogy of all rock types below the coals indicate
that underclay materials are essentially as they were transported
into the basin.

The general problem of the origin of underclay is
beyond the scope of this discussion of the geology of
Belmont County; however, in Belmont County, field
observations show a marked. gradational relation
between underclay and underlying rocks regardless
of whether those rocks are limestone or siltstone.
This type of gradation would be expected to develop
under conditions of sedimentation as a result of a
gradual change in the nature of sediments entering the

basin. Furthermore, sedimentary structural features,
such as thin lenses of limestone or siltstone, are present
in the underclay beds but stigmaria and tree stumps
are not common. Most of the underclay beds of
Belmont County, therefore, are believed to be sedi-
mentary deposits and not ancient soils.

The coal beds represent periods when there were
extensive swamps in which tremendous quantities of
dead plant debris were preserved in.very shallow water
in a reducing environment. As living organisms, the
plants were highly susceptible to changes in water level
and to changes in the amount of sediment entering the
basin. The geographic distribution of a coal bed, its
thickness, its purity, and its relation to associated rocks,
therefore, are excellent indicators of both the paleo-
geography and the sedimentary processes of a particular
period.

Coal beds of the Monongahela in Belmont County
have several features that show the influence of environ-
ment upon the swamp: in general the beds thin toward
the west and toward the southwest, most of them are
benched, and most have a higher ash content and lower
heating value in the western part of the county.

The thickness of most coal beds varies from place to
place. If the coal is autochthonous the variation in
thickness may be attributed either to: (1) more abund-
ant plant growth in some parts of the swamp than in
others, or to (2) better preservation of the plant debris
at some places. Actually, both factors probably in-
fluenced coal formation to some degree. The significant
feature of most of the Monongahela coals is that they
thin westward and southwestward across a deltaic
lobe. Figure 28 (parts A-F) contain isopach maps of
five of the Monongahela coal beds superimposed on
lithofacies maps of the underlying rocks, excluding the
underclay. It is apparent from these maps that, in
general, the bed is thinnest where the coal overlies
massive coarse-grained sandstone that was deposited
along a distributary channel. This seems to indicate
that, during swamp development and plant growth, the
drainage pattern remained unchanged and water con-
tinued to enter the swamp through the same passage-
ways. This conclusion is further substantiated by the
fact that the thinner coal above the channel sandstone
beds contains more impurities than other parts of the
bed and also by the fact that the thin parts of the beds
are alined approximately parallel to the trend of the
underlying channel sandstone. The Sewickley coal
bed (fig. 28D) and the Waynesburg coal bed (fig. 28F)
show a marked coincidence of the thinner parts of the
bed in the southwestern part of the county with the
underlying coarse-grained sandstone. Along the main
drainage ways plant growth was probably impaired by
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FIGURE 28.—Isopach maps of eight coal beds in the Monongahela formation and Dunkard group superimposed on lithofacies maps of the underlying rocks (excluding under-
clays) to show the relation of the distribution and thickness, in inches, of the coal to the pre-coal swamp geography. A, Pittsburgh coal bed and underlying Upper
Pittsburgh limestone member; B, Redstone coal bed and underlying Redstone limestone and Pittsburgh sandstone members; C, Fishpot coal bed and underlying
Fishpot limestone member; D, Sewickley coal bed and underlying Fishpot sandstone member; E, Uniontown coal bed and underlying Uniontown limestone and
McKeefrey siltstone members; F, Waynesburg coal bed and underlying Gilboy and Uniontown sandstone members; &, Waynesburg “A” coal bed and underlying
Mount Morris limestone and Waynesburg sandstone members; H, Washington coal bed and underlying Bristol limestone and Mannington sandstone members.
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stream currents which also may have periodically
removed and rafted some of the dead debris farther out
into the swamp.

The thickest parts of the coal bed in general lie above
areas where limestone or very fine grained -clastic
sediments were deposited before swamp development.
This characteristic is shown in figure 28, which also
shows that the thickest parts of some of the beds form
elongate areas oriented northeastward. The general
trend of the thickness is believed to approximately
parallel the shoreline that lay to the northwest. Except
for the Pittsburgh bed, the coals in general thin both
eastward toward the basin and westward toward the
delta. The Uniontown coal bed shows this feature
very clearly (fig. 28E). Westward toward the delta
and southeastward toward the basin the coal thins
appreciably, and in the southeastern corner of the
county is entirely absent except for carbonaceous
streaks in clay. Locally toward the basin the coal
contains a lenticular limestone parting.
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The Monongahela coal beds of Belmont County tend
to be benched as a result of periodic influxes of appre-
ciable quantities of silt and clay-sized particles that
temporarily terminated plant growth. The two most
prominently benched coal beds are the Pittsburgh and
Sewickley. Figure 29 shows the areal extent of the
benches of the Pittsburgh coal bed and their strati-
graphic relation, and figure 30 shows the areal extent
and stratigraphic relation of the benches of the
Sewickley coal.

The benches of the Pittsburgh bed, although
markedly different from each other in thickness and
purity, are similar in distribution. The interval
between the benches never varies more than about
1 foot, indicating a very flat and even-bottomed swamp
floor.

The more irregular distribution of the subordinate
benches of the Sewickley bed is a result of a more
uneven swamp floor. The lower bench is a split from
the main or middle bench, which bifurcated locally in
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FIGURE 30.—Map of Belmont County and diagrammatic section showing the areal distribution and stratigraphic relation of the three benches of the Sewickley coal bed
to the overlying rocks.

slightly deeper parts of the swamp where the influx of
silt temporarily halted plant growth. Formation of
the main bench was brought to a close by a rise in water
level and subsequent influx of sediments. While the
depth of water in the eastern two-thirds of Belmont
County remained too deep for plant growth, a deltaic
lobe formed in the western part, and upon this lobe
swamp development was temporarily resumed and
the upper bench of coal formed.

Most of the coal in western Belmont County has a
higher ash content than coal farther east, because the
part of the coal swamp in which it accummulated was
near the main delta and received larger quantities of silt.

The chief paleogeographic features of Belmont
County were a basin of deposition and a delta that lay
to the north and to the west. The general regional rela~
tion of the basin to the delta is believed to have been
somewhat similar to that depicted by Pepper, de Witt,
and Demarest (1954) for certain parts of Early Mis-
sissippian time. Figure 31, adapted from Pepper, de
Witt, and Demarest, shows the probable paleogeog-

raphy of the western part of the Appalachian basin
during Monongahela time.

A distributary lobe of the main dalta extended into
western Belmont County during early Monongahela
time and the geographic position of this lobe remainad
relatively unchanged throughout deposition of the
Monongahela formation. The position of this lobe is
shown in figure 26. Gradually during Monongahela
time the delta grew in size, and in late Monongahela
time it spread farther eastward across the county.

The source area for most of the Monongahela sedi-
ments is believed to have been to the north, but source
areas to the east and southeast probably supplied some
sediments. The Morningview and Arnoldsburg sand-
stone members and McKeelrey siltstone member and
the sandstone separating the lower and middle benches
of the Sewickley coal bed in the eastern part of the
county seem to have come in part from the north and
in part from the east or southeast. The predominance
of fine-grained rocks and lack of conglomerate are aresult
of deposition some distance from the source areas.
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FIGURE 31.—Generalized paleographic map showing the position of Belmont County, Ohio, in relation to the northern Appalachian basin of Monongahela and Dun-
kard times. Delta A was the main way for sediments entering Belmont County during Monongahela and early Dunkard times and delta B after early Dunkard
time. The dotted line marks the approximate outer limits of thick accumulation of limestone during Monongahela time.
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The thick lower limestone members in the Monon-
gahela of eastern Belmont County, in contrast to the
predominantly clastic rocks, red beds, and poor coal
beds of the upper part of the Conemaugh formation,
indicate a probable westward shift of the center of the
depositional basin during Monongahela time. During
late Monongahela time, however, the basin either be-
came shallower and smaller or the center shifted
slightly back toward the east.

DUNKARD GROUP

The pattern of sedimentation during early Dunkard
time was very similar if not identical to that of late
Monongahela time. Thin deltaic sheets of sand were
spread southeastward periodically to the easternmost
part of Belmont County where they interfingered with
limy mud. Twice during early Dunkard time extensive
coal swamps developed, and the Washington coal bed,
the uppermost of the two coal beds formed during early
Dunkard time, is as thick and persistent as most of the
Monongahela coal beds.

The configuration of the basin and delta changed
somewhat after formation of the Washington coal bed
and limy mud was more extensively deposited, espe-
cially in the northeastern part of the county. Red
beds formed extensively in the county again and thick
and persistent coal beds, which are characteristic of
Monongahela and early Dunkard times, are absent.

Deposition above the thin and lenticular Jollytown
“A” coal bed consisted mainly of fluvial clastic sedi-
ments but included also thin red beds and thin impure
limestone. These rocks contain very little coal and
resemble the rocks in the upper half of the Conemaugh
formation.

The sandstone units in the Dunkard group are in
general more sheetlike and less lobate than those of
the Monongahela formation. The distribution and
configuration of the Waynesburg and Mannington
sandstone members in the lower part of the formation,
however, are similar to the upper sandstone members
of the Monongahela, and the Mannington has a promi-
nent channel facies that crosses the southwest part of
the county as do the channel facies of both upper and
lower sandstone units of the Monongahela. Locally
in southwestern Belmont County, the Waynesburg
and Mannington sandstone members coalesce. Both
of these members interfinger eastward with impure
limestone.

The Marietta sandstone members are sheet deposits
that thin and become finer grained northward. The
sandstone units above the Jollytown “A” coal bed have
been removed by erosion over most of the county, so
that depositional trends based on thickness and char-
acter cannot be determined; but in general, they are
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more massive in the southeastern part of the county
than elsewhere, indicating a pattern of deposition
similar to that of the Marietta sandstone members.

All the sandstone units are irregularly bedded, but
locally the siltstone facies is even bedded. Current
crossbedding, small-scale foreset bedding, cut-and-fill
structures, and current ripple marks—all indicative of
fluvial action—are present in parts of all the sandstone
units.

The limestone units below the Washington coal bed
pinch out westward, but those above are in general
more extensive. The normal stratigraphic position
of the limestone units is just below the coal beds from
which they are separated by impure underclay of
variable thickness.

Most of the limestone units contain clay and silt
impurities in all parts of the county except in the north-
eastern part where the limestone units between the
Washington and Jollytown “A’ coal beds are not only
purer locally but also thicker. Beds in the lower and
upper parts of the units of limestone tend to be nodular
and seem to grade into the units of sandstone below and
into the underclay above. Locally the beds of lime-
stone are conglomeratic, and in a few places the upper
part is brecciated. The limestone units of the Dunk-
ard, which interfinger laterally with deltaic sandstone,
are fresh-water deposits that formed in a shallow
basin having a relatively flat and even bottom. Their
relative impurity is a result of deposition in a general
deltaic environment.

With the exception of the Washington bed, coals of
the Dunkard group are thin and impure. The two-
thickest coal beds, the Washington and the Waynes-
burg “A,” are in the lower third of the group.
Both thin toward the west and contain several thick
clay and mudstone partings, indicating that appreci-
able quantities of clay and silt were periodically car-
ried into the Washington and Waynesburg “A” coal
swamps. As was true of the Monongahela coal beds,
the thickness trends of the Washington and Waynes-
burg “A” coals show a relation to the associated strata.
The thickest parts of both beds overlie limestone and
fine-grained clastic sediments and both beds thin
toward the delta that lay to the northwest. The Wash-
ington coal bed is thinnest where it overlies the coarse-
grained channel facies of the Mannington sandstone.
These features are shown in figure 28, parts G and H.
Throughout the existence of the Washington coal
swamp, plant growth was continuous in the north-
eastern corner of the county, but toward the west and
southwest plant growth was interrupted for a time by
the deposition of clay and silt. This sheet of clastic
rock, which, in places is more than 10 feet thick, sep-
arates the bed into two benches. The lower pinches
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out toward the northwest in the direction’ of the delta.
The relation of the two benches to associated strata
is shown in figure 32. The Washington coal swamp
had an early stage of plant growth during which the
material forming the lower bench was deposited. This
was terminated in all except the northeastern part of
the county by subsidence and transgression of deeper
water over the swamp. The water that flooded the
swamp was probably brackish, as indicated by the
presence of Lingula permiana Stauffer and Schroyer in
the clay and silt that gradually filled the basin to the
level where plant growth was resumed.

The coal beds above the Washington bed are thin
and lenticular. In most places they are only thin car-
bonaceous bands interbedded with clay. Apparently
after formation of the thick and persistent Washing-
ton coal, the periods of swamp growth were short and
the environment that of a deltaic surface with limited
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Area in which the Washington coal
bed consists of two benches

The red beds above the Washington coal bed further
indicate a delta upon which intermittent surficial oxi-
dation occurred. The red beds are in part plastic
clayey mudstone and in part shale or shaly mudstone.
Most of the red beds lie stratigraphically above the
coal, but locally they are interbedded with mudstone
below the limestone, and in places they take the place
of limestone. During periods of aridity and reduced
sedimentation, oxidation produced red beds; but when
sedimentation was more rapid, much of the sediment
was buried before oxidation of the enclosed iron com-
pounds could ocecur.

The paleogeography of Belmont County during
early Dunkard time was very similar to that of late
Monongahela time. A depositional basin lay to the
east with its margin in the eastern part of the county
on the slope of a large delta, which lay to the north
and northwest. The lower part of the Dunkard group
contains interfingering deposits representing both en-.
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Area in which the two benches of
the Washington coal bed merge

Area in which the Washington
coal bed has been removed
by erosion

EXPLANATION

Shaly sandstone

Shaly siltstone

Clay (in part shaly)

Limestone

Coal

X X X

Stratigraphic position
of the brachiopod Lingula
permiana (For areal
distribution see fig 21)
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FIGURE 32.—Map of Belmont County and diagrammatic section showing the areal distribution and stratigraphic relation of the two benches of the Washington coal bed
to the overlying rocks.
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vironments. The distributary channel, which persisted FEET
throughout Monongahela time across southwestern - 600T—=Hendershot (Hostetter?of Cross
Belmont County, was still a prominent feature during and Schemel, 1956,p. 52)
early Dunkard time.
After formation of the Washington coal bed, however, )
the center of the basin apparently shifted westward 5504 Lo?féé%rlgzme&c;ross and
and thick limestone beds were deposited in the north- Schemel, 1956, p. 52)
eastern corner of Belmont County. The westward or
northwestward shift in the basin was accompanied by
a northwestward migration of deltas from the southeast
into the county, as indicated by deltaic sands above
the Washington coal that apparently had a source to
the south or southeast. Removal of these strata by

— Big Run (Dunkard?ofCross and
500 Schemel, 1956, p. 52)

— Local(unnamed;Jollytown?ofCross
7 and Schemel, 1956, p. 53)

a e
erosion in western Belmont County precludes deter- 3| 450+ — Jollytown “A
mining whether appreciable quantities of sediments )
continued to come from the north. The Washington < B -
coal bed is significant not only because it is the last g
thick and persistent coal to form, but also because the é 400

paleogeography changed after its formation. The
northern delta, which was a prominent feature through-
out Monongahela and early Dunkard times, apparently
became subordinate to a delta that lay to the southeast.
The hypothetical position of this delta is shown in
figure 31. Inasmuch as multiple provenances are
postulated for sediments entering the northern Appala-
chian basin during Late Pennsylvanian and early 3004
Permian times, the sediments forming certain strata
in western Belmont County probably came from a .
different source area than did their correlatives to the

east in West Virginia. i
&l ¢ 250 p— Waynesburg
(No. 11)

— Little Waynesburg

350 ummenl Washington
(No. 12)

4 — Little Washington

PENNSYLVANIAN AND PERMIAN

Waynesburg ““A"
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COAL

2007 Uniontown
The 15 coal beds that crop out in Belmont County ?;\?2_ l‘g)

are shown in figure 33 together with the intervals
between them. Of these coal beds, the Pittsburgh and
Sewickley (Meigs Creek) are now mined commercially
and contain the largest quantities of reserves. The
Waynesburg and Washington coal beds also contain
large reserves but are not mined commercially at
present, mainly because they contain relatively large
quantities of ash. The Fishpot, Uniontown, and
Waynesburg “A” coals are sufficiently thick in places
to be minable, but these coals are generally thin and
impure over much of the county.

The outcrops of these seven coal beds are shown on
the geologic map (pl. 1), and maps showing outcrop 4 Redstone (No. 8A, Pomeroy)
and thickness and plates containing diagrammatic
sections have been prepared for each bed (pl. 4-26). L Oh Pittsburgh (No. 8)

The other elght coal beds are lentimﬂa‘r; less than 14 FIGURE 33.—Generalized columnar section showing the coal beds that crop out
inches thick, impure, and cannot be mined. in Belmont County, Okic.
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s Sewickley (Meigs Creek, No. 9,
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PENNSYJ_VANIAN
Monongahela formation

Fishpot

50




ECONOMIC GEOLOGY

METHODS OF PREPARING ESTIMATES OF RESERVES

Any estimate of the coal reserves of an area must be
based on assumptions as to thickness, areal extent, cor-
relation of the coal beds, and weight of the coals. The
value of an estimate depends on understanding the
definitions and procedures used in its preparation. In
addition, the usefulness of estimates of coal reserves is
increased if they are arranged into categories based on
the characteristics of the coal and on the abundance
and reliability of the information used in preparing the
estimate. The criteria used in preparing the estimate
in this report and the categories into which the estimate
is divided are described in the following paragraphs.

In the present report the quantities of coal in the
ground are described in 12 different categories accord-
ing to the thickness of the beds, the abundance and
reliability of information used in preparing the tonnage
estimates, and other purely physical factors, which are
timeless in their applicability but which must be inte-
grated with other factors to determine economic avail-
ability. Some of these categories contain coal of imme-
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diate economic interest; others do not. In this report,
therefore, the term ‘‘reserves” will be used uniformly
to refer to quantities of coal in the ground, regardless
of thickness, grade, accessibility, or economic value,
and any additional special meaning that is required
will be carried by modifying phrases as defined in sub-
sequent paragraphs.

CLASSIFICATION ACCORDING TO CHARACTERISTICS OF THE COAL

Characteristics considered in calculating coal reserves
are rank, thickness of beds, and thickness of overburden.
Weight of the coal, an essential factor in computing
tonnage, is largely a function of rank and ash content.

RANK

American coals are ranked in accordance with the
standard classification of the American Society for
Testing Materials (table 2). Most of the coal in Bel-
mont County is of high-volatile A bituminous rank.
At a few places in western Belmont County, the coal
is of high-volatile B bituminous rank.

TaBLE 2.—Classification of coals by rank

Explanation: FC, fixed carbon; VM, volatile matter; Btu, British thermal units. This classification does not include a few coals which have unusual physical and chemical
properties and which come within the limits of fixed carbon or Btu of the high-volatile bituminous and subbituminous ranks. All these coals either contain less than
48 percent dry mineral-matter-free fixed carbon or have more than 15,500 moist mineral-matter-free Btu.

Class Group Limits of fixed carbon or Btu mineral-matter-free basis Requisite physical properties
L Anthracitic_ ..o 1. Mota-anthracite. - ooooocecococoaeas Dry FC, 98 percent or more (drgr VM, 2 percent or less)_..
2. Anthracite_ oo Dry FC, 92 percent or more and less than 98 percent (dry
M, 8 percent or less and more than 2 percent).
3. Semianthracite. . .. _ooceomcoaoo__ Dr‘y FC, 86 percent or more and less than 92 percent (dry | Nonagglomerating.!
M, 14 percent or less and more than 8 percent).
1. Bituminous2._.._____....__ 1. Low-volatile bituminous coal....... Dry FC, 78 percent or more and less than 86 percent (dry
VM, 22 percent or less and more than 14 percent).
2. Medium-volatile bituminous coal__.| Dry FC, 69 percent or more and less than 78 percent (dry
M, 31 percent or less and more than 22 percent).
3. High-volatile A bituminous coal....| Dry FC, less than G%pement (dry VM, more than 31 per-
cent); and moist 3 Btu, 14,000 ¢ or more.
4. High-volatile B bituminous coal....| Moist 3 Btu, 13,000 or more and less than 14,0004 _.__._._. . . .
5. High-volatile C bituminous coal._..| Moist Btu, 11,000 or more and less than 13,0004_ - Elitlh;ge!; ag ating or nonweather-
III. Subbituminous__......... 1. Subbituminous A coal.......oo.... Moist Btu, 11,000 or more and less than 13,0004_ . ... BOtt}ln weathering and nonagglomer-
ating.
2. Subbituminous B coal. Moist Btu, 9,500 or more and less shan 11,000 4. _ ——
3. Subbituminous C coal_ -| Moist Btu, 8,300 or more and less than 9,5004¢___ -
IV, Lignitie_ oo 1. Lignite. - Moist Btu, less than 8,300 Consolidated.
2. Brown coal - Moist Btu, less than 8,300 Unconsolidated.

11f agglomerating, classify in low-volatile group of the bituminous class.

2 It is recognized that there may be noncaking varieties in each group of the bituminous class.

3 Moist Btu refers to coal containing its natural bed moisture but not including visible water on the surface of the coal.

4 Coals having 69 percent or more fixed carbon on the dry mineral-matter-free basis shall be classified according to fixed carbon, regardless of Btu. .

§ There are three varieties of coal in the high-volatile C bituminous coal group, namely, variety 1, agglomerating and nonweathering; variety 2, agglomerating and weather-

ing; variety 3, nonagglomerating and nonweathering.
WEIGHT

The average weight of bituminous coal of low to
medium ash content, as determined by many specific
gravity determinations, is about 1,800 tons per acre-
foot (Averitt, Berryhill, and Taylor, 1953, p. 7). 'This
weight was used in calculating the reserves of coal in
Belmont County.

THICKNESS

In order to provide as much information as possible
on the distribution of reserves, estimates prepared by

661-096 O - 63 - 7

the U.S. Geological Survey are divided into three
categories according to thickness of the coal. These
categories are termed ‘‘thin,” ‘‘intermediate,” and
“thick.” *“Thin’’ coal is 14 to 28 inches thick; ‘“inter-
mediate’” coal is 28 to 42 inches thick; and ‘‘thick”
coal is more than 42 inches thick. These thickness
categories are based primarily on the following mining
practices: 14 inches is approximately the minimum
thickness of coal mined by hand; 28 inches is the mini-
muni generally considered for machine mining and hand
loading; and 42 inches is the approximate minimum
thickness required at present for comnpletely mechanized
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mining. Results of this study show that throughout
much of Belmont County, the Pittsburgh coal bed is
either just a little more or less than 60 inches thick.
Therefore, another category was added in order to show
the reserves of coal more than 60 inches thick in the
Pittsburgh bed in Belmont County.

OVERBURDEN

The usual procedure followed by the U.S. Geological
Survey in classifying reserves is to separate the coal
into categories based on the depth of burial or amount
of overburden. The thicknesses of overburden considered

are: surface to 1,000 feet; 1,000 to 2,000 feet; and 2,000

to 3,000 feet. In Belmont County, however, all the
known eommercial coals lie at depths of less than 1,000
feet, so no overburden breakdown is included in the
tables showing reserves. In fact, the Pittsburgh,
Sewickley, Waynesburg, and Washington coal beds are
under so little overburden in many places that they
can be mined by stripping methods. The general range
of overburden for each of these beds is as follows:
Pittsburgh coal, 0 to a maximum of about 600-665 feet
in the central and southeastern part; Sewickley, 0 to a
maximum of about 575 feet; Waynesburg, 0 to about
445 feet; Washington, 0 to about 345 feet. Maximum
depth of the Allegheny formation coal beds, which do
not crop out, is probably about 1,350 feet for the Lower
Kittanning bed and about 1,115 feet for the Lower
Freeport bed. Along Trail Run in northwestern Bel-
mont County and along Deep Run at the northeastern
corner of the county, the Lower Freeport coal, if pres-
ent, probably does not lie much more than 300-315 feet
below the surface.

CLASSIFICATION ACCORDING TO ABUNDANCE AND RELIABILITY OF DATA

According to the abundance and reliability of data
upon which the estimates are based, estimates of coal
reserves prepared by the U.S. Geological Survey are
divided into three categories termed ‘‘measured,”
“indicated,” and “inferred.”

Measured reserves.—Measured reserves are those for
which tonnage is computed from the thickness of the
coal beds revealed in outcrops, trenches or prospect
openings, mine workings, and drill holes. Points of
observation are so closely spaced and thickness and
extent of coal so well defined that computed tonnage is
considered to be within 20 percent of true tonnage.
Although spacing of points of observation necessary to
demonstrate continuity of coal varies in different regions
according to character of the coal beds and geologic
structure, points of observation are, in general, about
half a mile apart.

Indicated reserves.—Indicated reserves are those for
which tonnage is computed partly from specific measure-
ments and partly from assumptions based on available
data and on geologic evidence. In general, points of
observation are about 1 mile apart, but they may be as
as much as 1% miles apart in beds of known geologic
continuity. :

Inferred reserves.—Inferred reserves are those for
which quantitative estimates are based on a broad
knowledge of the character of the bed or region and
for which there are few, if any, measurements.
Estimates are based on an assumed continuity of coal
bed for which there is good geologic evidence. In
general, inferred coal lies more than 2 miles from points
of observed thickness.

DISTINCTION BETWEEN ORIGINAL, REMAINING, AND RECOVERABLE
RESERVES

Coal reserves are further classified as original,
remaining, and recoverable. Original reserves are
reserves that were present in the ground before mining
began. Remaining reserves are reserves in the ground
as of the date of appraisal. For large areas such as
States, these figures are generally obtained by sub-
tracting recorded production plus an allowance for
mining losses from original reserves. However, in
estimating reserves of coal in Belmont County, sufficient
mine information was available to plot the extent of
both the coal bed and the mined-out areas and to
measure the remaining coal and the mined-out areas
separately. Accuracy of measurements of the mined-
out areas is believed to be such that calculated tonnages
for these areas are within 20 percent of the actual
tonnages, and may, therefore, be placed in the measured
category.

Recoverable reserves are reserves in the ground, as of
the date of appraisal, that can actually be produced in
the future. The amount of these reserves is obtained
by subtracting estimated future losses in mining from
remaining reserves. Recoverability of coal from any
property depends on the method of mining, the geologic
structure, the thickness and nature of the roof rock,
the thickness and quality of the coal, and other engi-
neering and geologic factors. Consequently, the per-
centage of recoverability differs markedly from one
area to another. Nevertheless, the average, long-term
recoverability in Belmont County can be calculated
from data at hand.

Reported coal production in Belmont County from
1816 to January 1, 1953, is 399,178,668 tons. The
total coal originally present in the mined-out areas as
calculated from mine maps amounts to 844 million
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TaABLE 4.— Estimated reserves of coal, in millions of short tons, in the Pittsburgh bed in Belmoni County, by township

[All tonnage estimates based on lower bench; upper bench or “roof coal’”’ excluded from estimate]

Original measured reserves Original indicated reserves
Total Total
. Total mined | remain-

Township Thickness of beds, in inches Thickness of beds, in inches original | and lost | ing re-

reserves in serves
Total Total mining | asof Jan.

28 to 42 | 42 to 60 More 14t028 | 28t042 | 42 to 60 More asofJan.| 1, 1953

than 60 than 60 1, 1953

Colerain - .- oo eccemcaeaee] 137.2 137.2 104.2 33.0
Flushing , % ) S 46.1 8.9 74.6
Goshen. . . 3 L5 7.4 1.3 199.0
6 193 |acea - 19.9 1.6 92.3
161.0 161.0 126.9 64.3
145.5 145.5 82.6 62.9
143.8 143.8 118.1 25.7
219.5 233.7 168.0 171.7
.......... 31.0 11.4 202.1
.......... 6.6 .1 141.0
2.0 81.0 37.1 153.3
.......... 28.9 6.0 147.4
27.0 27.0 5.2 216, 2
.7 Lifo.....] 149)] 633 112.7| 190.9] 1920 |- __... 192.0
.......... 137.7 68.2 83.4
126.9 126. 87.1 70.9
965. 1 1,334.8 826. 7 1,929.8

Remaining ‘measured reserves of 508 million tons
plus the indicated reserves of 1,422 million tons give
total remaining reserves of 1,930 million tons as of
January 1, 1953.

FISHPOT COAL BED

Original reserves of coal in the Fishpot coal bed total
276 million tons, all classified as inferred (table 5).

Mining of the Fishpot coal bed has been limited to a
very small production for home use. Remaining re-
serves, therefore, are virtually the same as original
reserves.

SEWICKLEY COAL BED

Original reserves of coal in the Sewickley bed total
1,469 million tons, of which 219 million tons is classified
as measured and 1,250 million tons as indicated (table
6). Included in the 219 million tons of measured coal

TABLE 5.—Estimated reserves of coal, in millions of short tons, in
the Fishpot bed in Belmont County, by fownship

{No original, measured, or indicated reserves in this bed]

Original inferred reserves Total
remaining
Total | reserves
Township Thickness of beds, in inches | original as of
reserves | Jan. 1,
1953
14t028 | 28to 42 Total
0.7 |mcomaae 0.7 0.7 0.7
6.7 0.8 7.5 7.5 7.5
9.7 |ocaomeoos 9.7 9.7 9.7
38.2 4.6 42.8 42.8 42.8
19.1 4.5 23.6 23.6 23.6
61.2 13.3 74.5 74.5 74.5
18.1 40.5 58.6 58.6 58.6
13.2 45.6 58.8 58.8 58.8
Total. o ooocmeemmeeae 166.9 109.3 276. 2 276. 2 276.2

is 17 million tons of coal mined out and lost in mining,
leaving remaining measured reserves of 202 million
tons as of January 1, 1953.

TABLE 6.—Estimaled reserves of coal, in millions of short tons, in the Sewickley bed in Belmont County, by township

[A1l tonnage estimates based on middle bench; upper and lower benches excluded from estimate. No original inferred reserves]

iginal m Original indicated reserves
Original measured reserves g Total Total
Total mined | remaining
Township Thickness of beds, in inches Thickness of beds, in inches original | and lost in | reserves as
Total Total reserves | mining as | of Jan.1,
of Jan. 1, 1953
14t028 | 28t0o42 | 42 to 60 14t028 | 28t042 | 42to 60 1953

4.5 1.0 5.5 30.8 7.3 48.0 53.5

1.9 22.2 2.1 1.1 16. 2 17.3 36.2

4.1 23.3 27.4 41.6 88.5 130.1 153.9

4.2 3.7 7.9 5.9 19.2 25.1 32.9

2.6 4.0 6.6 89.4 13.5 102.9 109.5

.9 .6 2.7 10.2 1.1 38.4 411

7.6 |ocooaoo 10.2 34.5 47.6 82.1 92.3

3.3 21.4 24.7 18.8 198.8 217.6 240. 2

.5 3.0 3.5 84.4 9.1 133.5 137.0

.2 .8 1.0 9.2 1.5 32.9 33.9

4.4 17.3 21,7 3.2 111.4 114.6 135.4

7.8 8.0 16.0 4.0 38.2 84.6 100.2

3.3 7.5 10.8 80.2 3.8 93.6 104.4

6.2 3.6 9.8 21.5 3.6 36.2 45.9

6.5 35.1 41.6 2.2 36.4 38.6 75-:’3

L 5.5 4.7 6.2 55.0 60.5

- 4.0 63.5 151.5 219.0 79.4 518.7 652.4 | 1,250.5 1,469.5 17.3 1,452.2
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Remaining measured reserves of 202 million tons
plus the indicated reserves of 1,250 million tons give
total remaining reserves of 1,452 million tons as of
January 1, 1953.

UNIONTOWN COAL BED

Original reserves of coal in the Uniontown bed total
216 million tons, all classified as inferred (table 7).
Mining of the Uniontown coal bed has been limited to
small production for home use, and remaining reserves
are, therefore, virtually the same as original reserves.

WAYNESBURG COAL BED

Original reserves of coal in the Waynesburg bed total
581 million tons, of which 31 million tons is classified
as measured, 541 million tons as indicated and 9 million
tons as inferred (table 8). The amount of coal mined
from the Waynesburg bed is negligible as mining has
been limited to very small production for home use.

TABLE 7.—Estimated reserves of coal, in millions of short tons,
in the Uniontown bed in Belmont County, by township

[No original measured or indicated reserves in this bed]

Original inferred reserves
Total

Total |remaining

Township Thickness of beds in original | reserves
inches reserves |asofJan.

Total 1, 1953

14 to 28|28 to 42|42 to 60

4.1 4.1 4.1 4.1
22.7 45.0 45.0 45.0
.6 .6 .6 .6
9.4 13.3 13.3 13.3
8.6 8.6 8.6 8.6
45.9 55.5 55.5 55. 6
36.4 56.6 56.6 56. 6
2.2 6.0 6.0 6.0
8.8 26. 4 26.4 26.4
138.7 216.1 216.1 216.1

Remaining reserves, therefore, can be considered to be
the same as original reserves, and total 581 million tons

TasLE 8.—Estimated reserves of coal, in millions of short tons, in the Waynesburg bed in Belmont County, by township

Original measured reserves

Original indicated reserves

Original Total re-

inferred Total maining
Township Thickness of beds, in inches Thickness of beds, in inches reserves; | original | reserves as

beds 14 reserves as Jan. 1,

Total Total to 28 in. 1953
141028 | 28t0 42 | 42 to 60 14t028 | 28to 42 | 42t0 60 thick

0.6 4.4 27.6 2.2 34.8 34.8
) U 2 PR B, 1.9 1.9
1.2 39.0 - O D, 50.3 50.3
1.7 39.8 7.6 2.1 51.2 51.2
1.5 4.3 38.5 1.6 45.9 45.9
.9 14.6 29.2 .5 45.2 45.2
. 11.4 9.2 67.1 49.3 137.0 137.0
. 6.5 9.8 23.2 7.3 52.2 52.2
. 1.4 25.2 103 fooeemeeee 37.9 37.9
. .8 13.3 £ U 21.1 21,1
. .1 3.8 3.9 3.9
.4 1.4 18.8 20.2 20.2
.7 2.2 25. 4 51.7 51.7
.1 .4 .4 56 5.6
.2 .5 18.9 22.3 22.3
7 3.9 13.1 13.6 30.6 228.8 247.2 65.2 541.2 9.4 581.2 581.2
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WAYNESBURG “A” COAL BED

Original reserves of coal in the Waynesburg “A”
coal bed total 58 million tons, all classified as inferred
(table 9). Mining of the Waynesburg “A” coal bed
has been limited to a little production for home use.
Remaining reserves are, therefore, virtually the same as
original reserves.

TaBLE 9.—Estimated reserves of coal, in millions of short tons,
in the Waynesburg “A” bed in Belmont County, by township

[No original measured or indicated reserves in this bed]

Original inferred reserves Total re-
Total | maining
. original | reserves
Township Thickness of beds, in inches reserves as of
Total Jan. 1,
1953
14to028 | 28t042 | 42t0 60
‘Washington.......... 10.1 30.7 58 46.6 46.6 46.6
ork. . 7.4 3.9 | et 11.3 11.3 1.3
Total. oo oo 17.5 34.6 5.8 57.9 57.9 57.9

WASHINGTON COAL BED

Original reserves of coal in the Washington bed total
403 million tons, all classified as inferred (table 10).
A small amount of coal has been removed from the
Washington bed for home use. Remaining reserves,
therefore, can be considered to be the same as original
reserves, which total 403 million tons.

Reserves of the Washington bed are classified as
inferred only because the weathered condition of the
bed did not permit as many accurate measurements of
the thickness as are required tor classification as indi-
cated. The bed is persistent, but because it is near the

TaBLE 10.—Estimated reserves of coal, in millions of short tons,
in the Washington bed in Belmont County, by township

[No original measured or indicated reserves in this bed]

Original inferred reserves

Total re-

. Total | maining

Township Thickness of beds, in inches original| reserves

reserves| as of
Jan. 1,
14t028 | 28t042|42t060 | More | Total 1953
han 60

Colerain.._._.__.__.. 9.5 9.5 9.5
Goshen. 14.0 14.0 14.0
Mead-... 73.5 73.5 73.5
Pease.... - 40.1 40.1 40.1
Pultney. ... _..o-c.—- 48.2 48.2 48.2
Richland ———- 42.7 42.7 42.7
Smith 66. 6 66.6° 66.6
1.6 1.6 1.6
45.7 45.7 45.7
21.1 21.1 21.1
40.4 40.4 40.4
403.4 | 403.4 403.4
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ridge tops over much of the county, it is highly weath-
ered in most places.

SUBSURFACE COAL BEDS

Elsewhere in Ohio several commercially minable coal
beds occur in the Allegheny formation, which underlies
the Conemaugh formation, and which is deeply buried
in Belmont County. The Upper Freeport (No. 7),
Lower Freeport (No. 6A), Middle Kittanning (No. 6),
and Lower Kittanning (No. 5) coal beds in the Alle-
gheny formation crop out in descending order in the
counties to the north, northwest, and west of Belmont
County.

Examination of several hundred driller’s records of
wells drilled for oil or gas in Belmont County revealed
coal beds at depth that are probably equivalent to the
minable coal beds of the Allegheny formation. Repre-
sentative well logs that illustrate the stratigraphic
positions of these coals are shown in figure 35. All but
one of the wells were drilled with standard cable tools
and thus provided very little detailed information.
Log 15, however, is the record of a core hole drilled at
Glenova, just north of Wheeling, W. Va. The upper-
most coal bed, which is 556 feet below the Pittsburgh
coal bed in this core boring, is probably the Lower Free-
port. The coal bed is 45 inches thick. Bownocker and
Dean (1929, p. 72) report that a coal bed 29 inches
thick occurs 563 feet below the Pittsburgh coal bed in-
a core hole near Bellaire, eastern Pultney Township
(position A in fig. 35). This coal bed, which was called
Middle Kittanning by Bownocker and Dean, is probably
the Lower Freeport. The uppermost coal bed in log
10 is 412 feet below the Pittsburgh coal bed and is prob-
ably the Upper Freeport, the uppermost stratum in the
Allegheny formation.

The Middle Kittanning coal bed is 623 and 625 feet
below the Pittsburgh coal bed in logs 14 and 15 respec-
tively, but the interval decreases slightly to the west.

On the basis of the available data, it is not possible
to draw definite conclusions about the thickness or
persistence of the coal beds in the Allegheny formation
in Belmont County, but the beds seem to be lenticular
and sporadic in their occurrence. If the correlations
shown in figure 35 are correct, the most widespread and
thickest of the coals in the Allegheny formation is
the Lower Freeport, which seems to be present in
holes 1, 2, 3, 6, 7, and 8 in southern Belmont County,
and in all the holes except 13 in the northern part of
the county.
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PREVIOUS ESTIMATES OF THE COAL RESERVES IN
BELMONT COUNTY

Three previous estimates of the coal reserves in
Belmont County have been made. Clark (1917, p. 90)
estimated that the .original reserves of the county
totaled 7,984 million tons. His estimate included
reserve tonnages for the Lower Freeport, Upper Free-
port, Pittsburgh, Meigs Creek (Sewickley), Coal No. 10
(Uniontown), Waynesburg, and Brownsville (Wash-
ington) beds. In an effort to prepare a complete,
total reserve estimate, Clark made statistical allowance
for possible tonnages in the Lower and Upper Free-
port coal beds. These beds do not, however, crop out
in Belmont County and only a few core hole data are
available. Consequently, there are no reliable data
upon which even an inferred estimate can be based.
Excluding reserves of 3,017 million tons estimated for
the Lower and Upper Freeport beds, Clark’s estimate
of original coal reserves totaled 4,967 million tons, as
compared to the present estimate of 5,668 million tons.
His estimate is smaller than the present estimate for
several reasons: he assumed a smaller area underlain by
the various coal beds; he assumed a lower average
thickness for the Waynesburg and Washington coal
beds; and he did not include the Fishpot and Waynes-
burg “A” beds.

Ray (1929, p. 339) estimated that the original
reserves of the Pittsburgh, Pomeroy (Redstone (8A)),
and Meigs Creek (Sewickley) coal beds in Belmont
County totaled 3,098 million tons. In the present
report the coal reserves of the Pittsburgh and Sewickley
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beds alone are estimated to be 4,227 million tons.
Ray’s estimate of these reserves is smaller because:
he assumed that a smaller area was underlain by the
Pittsburgh and Meigs Creek coal beds; he excluded all
coal less than 32 inches thick; and he assumed a
weight of only 1,500 tons per acre-foot for the coal,
presumably to allow for future losses in mining.

Smith, Brant, and Amos (1952, p. 30) estimated
that the original reserves of the Meigs Creek (Sewickley)
coal bed in Belmont County totaled 1,629 million tons,
as compared to the present estimate of 1,469 million
tons. 'Their estimate included 161 million tons of coal
in the upper bench of the bed. In the present report,
however, the reserve estimate for the Sewickley bed
excludes the upper bench.

QUALITY OF THE COAL

Most of the coal in Belmont County is of high-
volatile A bituminous rank; some, however, is of high-
volatile B bituminous rank (table 11). Rank varies
slightly within each bed from place to place and also
from one bed to another in the same area. In general,
however, the rank tends to decrease slightly from the
oldest bed exposed to the youngest. The Pittsburgh
bed, geologically the oldest coal exposed in the county,
contains the coal of highest rank. The Washington
bed, geologically the youngest, contains the coal of
lowest rank.

Detailed discussions of the quality of the coal
accompany the descriptions of the various coal beds
in the section on stratigraphy. Individual analyses by
bed are listed in table 11.

LI1ST OF WELLS SHOWN ON FIGURE 35

No. on Property owner ‘Well No. Operator Sec. Township or County State
section district
1| A.J. Burkhart_____ 1| J. Patterson_ . ___._______. SEYNEY; 26._.__ Somerset _____ Belmont___| Ohio.
2{J.F.Shry_________ 1 | Barnesville Development.._| NEUNEY, 9_____ Warren. _.___ —o-do-.____ Do.
3 | Thornbery Heirs.__. 1. Ao . SWYSEY, 33_.___ Goshen_ __.__ —o-do.._.__ Do.
4 | E.E. Davis._______ 1| H.Clymer_._______.___.___ NWNWY 33___| Wayne__.____ _--do..____ Do.
5| W.E Crum_______ 1 | Sale Drilling Co___________ SEVSWL 8 _____|__.__ do._._.__ _do.___._ Do.
6 | T. H. Mobley__.____ 8 | Natural Gas Co. of West | SEYNW, 19____| Smith________ ——-do-._-__ Do.
Virginia.
7 | 1. Sindeldecker.___. 2| A J. Westeeo oo NEVSWi 6. ____ Washington . _{.._do._____ Do. .
8| Solvay_ _ __________ 1 | Allied Chemical & Dye |.___________.__.. Clay._.__.__.__ Marshall_ .| West Virginia
orp.
9 | A. O. Campbell_____ 1 Bradﬁgld & Havduvde.._._ SWYNE, 2_____ Kirkwood. - .| Belmont___[ Ohio
10 | Lillie Gillespie.._.__. 1| Texas Co__ - oo ____ SEYSEM 4. _____ Union__.______ eoodoo .. Do.
11 | Abner Lodge_._____ 1 | Venture Oil & Gas Co______ NWYNEY 6. _|-____ do.__.__. _.do_.____ Do.
12 | J. H. Seebert____.__ 4 | Harrisville Oil & Gas Co-.__| NE,ZNE1,9_____ Wheeling_____ ——-do______ Do.
13 | Albert McGrew. . _ _ 1 | Ohio Fuel Gas Co_..___._. NEVSWY 2E___ _|.____ do.______ o.do_.__. Do.
14 | Schweitzer_________ 1 | Wheeling Steel Co__.___._._ NWYSEY 19____| Pease________ o_.do.._.__ Do. Lo
15 | Glenora core test_ . _|._____ Wheeling Board of Trade_._|.________________ Richland . ____ Ohio______ West Virginia
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TABLE 11.—Analyses of samples of coal from Belmont County, Okio

Kind of sample: BM, mine sample collected by U.S. Bur. Mines inspector; GS,
mine sample collected by U.S. Geol. Survey geologist; O, mine sample collected

by Ohio Geol. Survey geologist; T, sample collected from mine tipple.

Condition of sample: A, as received; B, moisture free (dried at 105° C); C, moisture

and ash free

References ret‘er to publications listed in the ‘‘Selected bibliography’’ in which the
mine descriptions and sections from which the samples were taken are listed.

Analyses, in percent

Sample Heating value
Proximate Ultimate
Location of sample d.:lr References
-
Labora- Fixed Sul- | Hy- | Car- [Nitro-| Oxy-| ing
tory |Kind car- | Ash | fur | dro- | bon | gen | gen | loss [Calories] Btu
No. bon gen
Pittsburgh coal bed
Armstrong Mills, NE¥ sec. 10, Wagh- 9|0 A 49.9] 9.4 5.1 5.3 | 69.8 7,217 | 12,990 |, Fieldner, Camp-
ington Township, Captina mine B 51.3| 9.7| 52| 51]|7.8 7,422 | 13,360 |1 Dell, and
(face sample). [o] 56.8 |-ccne- 58| 56|7.5 8,217 | 14,790 others (1923).
Baileys Mills, 3%¢ miles southwest of 20187 | GS | A 43.9 | 9.3 | 4.5 | ceeeo|cmmac]ommnec]aman 2.3 | 7,072 | 12,730 Do.
Barnesville, sec. 31, Warren Town-
ship, Cochran No. ’2 ‘mine (face of
main north face).
Same as above (face of room, 15 feet 20188 | GS | A 4.4 | 86| 45 | ool fecccmac]amaaee 1.7 7,194 | 12,950 Do.
west of entry, three-fourths of a mile
north of mine mouth.)
NEY{ sec. 31, Warren Township, 10| 0 A 47.0 | 11.0 | 4.7 12,380 [} Fieldner, Camp-
Medla mine. B 49.2 | 1L5 | 4.9 12 950 bell, and
C 55,6 j.-oann 55 14,640 others (1923).
Bellaire, SE1{ sec. 28, Pultney Town- 3988 | BM | A 50.1( 60| 3.4 13, 600 Do.
ship (face of 24 room, 10 entry).
Bridgeport, NE{ sec. 28, Pease Town- 110 A 36.8| 5.9 7.9 | 3.0 5.217L.5
ship, Aetna Standard Mill mine. B 38.1 53.8( 81 3.1 5.0 | 74.0 Do.
C 41.5 | 585 [...._. 3.3 54805
Fairpoint, SW1{ sec. 13, Wheeling 6a | O A 33.5| 51.810.4| 4.0 5.2 (682
Township, Columbiana ‘Coal Co. B 3.0 | 542 10.8] 41 4,9 71.2 Do.
C 39.3| 60.7 |---n-n 4.6 55|79.8
Flushing, south-central sec. 26, Flush- 2 | O A 36.31 50.3| 6.2 4.2 5.1]68.8
ing Township, Kennon mine. B 38.0| 524 9.6 | 4.4 4.9 718 Do.
o] 42.0 | 580 |-cooen 4.8 5.4 |79.4
2 miles southeast of Flushing, SW4, 3085 | BM | A 38.17 48.9| 9.0 | 4.3 |oceceec]oacuan } Do
(sec. 7), Wheeling Township, Ken- B 30.7| 50.9| 9.4 | 44 | cooaecfeaaaae .
non Coal Co., Black Osk mine
(2,000 ft west of shaft).
Same as above (1,500 ft. southwest 3086 | BM | A 30.2| 48.7| 80| 42 | coomar|aoms]oeeimen] et 19| 7,272 | 13,090 } Do
of shaft). B 40.9 [ 50.8 | 83| 43 |ococoaufeceaco|immanms]mncfeaan 7, 13,650 .
Glencos, NE4 sec. 5, Smlth Town- 710 A 36.8| 52.7| 7.3| 43 51| 7.5 13,130 |]Fieldner, Camp-
ship, Delorano 1 min B 38.0| 54.5| 7.5| 44 4.9 | 73.9 13, 570 bell, an others
C 41.1{ 58.9 (.__.__ 4.8 5.3 | 79.9 14,670
Laferty, SW2{ sec. Union Township, 5|0 A 36.0 | 48.7|10.8 | 4.5 | 4.9 682 12,430
Wheeling Valley Coal Co. B 37.7 | 610 11.3 ] 47 4.6 [ 61.4 13, 010 Do.
C 42,5 | 57.5 |-o._-. 5.3 5.11|80.5 14, 660
Martins Ferry, SElY4, Pease Town- 84002 | BM | A 39.6 | 48.3 ] 81| 3.4 | coeemfaooee|omammac]oaean 2.7 | 7,222 | 13,000 Do.
ship, Laughlin mine.
Central sec. 13, Pultney Township, 410 A 372 | 50.0| 9.0 43 5.2 170.6 L2 9.7 |.coo 7,106 | 12,790 } Do.
Neff mine 2 B 38.7| 520 9.3 | 4.4 5.0 73.4 L3]| 6.5 | ccae 7,383 | 13,290 -
Neffs, NW4 sec. 12, Pultney Town- 2095 | BM | A 38.8 | 49.1 | 81| 3.5 |oceoomfomaocs]oommac]eccaen 1.8 7,278 | 13,100 } Do
ship, Neff mine 1. B 40.4 | 5L2| 84 3.6 |eoooo oo o]l 7,583 | 13,650 '
1 mile above mouth of Pipe 8| O A 37.9 | 5.2 | 80| 4.3 13,210
Creek on Ohio River, SE}{ sec. B 39.1| 52.7| 82| 44 13,610 Do
Mead Township. (o} 42.6 | 57.4 |.____. 4.8 14,830
Temperanceville, NE}4 sec. 33, Som- 20230 |[GS | A 41.0 | 458 9.5| 4.6 12,760 } Do
erset Township, Jeffries mine. B 42.6 | 47.5| 9.9 | 4.8 13, 250 .
Same as ADOVe .o caeoicccais|amcooos (o] A 37.1| 482 10.6 | 5.0 12, 476 Btf)wnoc%&rzg;ld
ean .
S]%,f sec. 21, York Township, [....._.... 0] A 41.8 | 47.7| 7.3 | 3.5 13,162 }Bownocker and
cIntyre mine. B 43.5| 49.3 | 7.6 [-oaee- 13,574 Dean (1929).
Powhatan Point. NEY{ sec. 7, York |._.__..__. [ 42.6 | 48.4| 6.7| 3.2 13,421 } Do
Township, Powhatan mine 1, B 43.6 | 49.6 | 6.8 | 3.3 13,731 ’
Powhatan Point, NE}{ sec. 7, York | E-34227 | GS | A 42.1 | 46.6 | 85| 48 13,010 | (Analyses by
Township, Powhatan mine 1 (514 B 43.3 | 480 87| 49 13, 380 U.S. Bureau of
miles N. 15° W. of opening, 4 left, C 47.5 | 62.5 [-een-- 5.4 14, 660 Mines
D north, No. 5 entry, 12 plus 80 ft.).
NWJI{ sec. 36, Smith Township, |.......... o A 4.2 44.0| 88| 43| 58690 12109 3.7 6,990 | 12,583 }Bownocker and
Loouus mine. B 43.8] 46.8| 9.4 ] 4.6 54734 1.2 6.0 |-—.___ 7,436 | 13,386 Dean (1929).
SWi{ sec. 25, Union Township, Barr |.......__. 0 A 41.6 | 44.0 | 9.9 | 46 {ocooifoeuo|oooii|oaaaas 19| 6,973 | 12,551 } Do
mine. B 43.7 | 46.0 | 10.4 | 4.8 |oooo oo e 7,280 | 13,104 ’
One-half mile west of Hendrysburg, |-......._. (o] A 38.0| 47.4 ] 10.8 | 4.8 511674 1.1]10.8| 30| 6,85 | 12,357 } Do
NE{ sec. 20, Kirkwood Township, B 30.5 | 49.3 | 1.3 | 50 4.9 | 70.0 12| 7.6 |cco.- 7,132 | 12,838 :
MecCartney mine.
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TABLE 11.—Analyses of samples of coal from Belmont County, Ohio—Continued

Analyses, in percent
Sample Heating value
Proximate Ultimate
Location of sample é&ir References

« ry-

Labora- Condi- | Mois- | Vola- | Fixed Sul- | Hy- | Car- |Nitro-| Oxy-| ing
tory |Kind| tion | ture | tile car- | Ash | fur | dro- | bon | gen | gen | loss |Calories| Btu

No. matter| bon gen
Pittsburgh coal bed—Continued

Flushing, south-central sec. 26, Flush- |__._.__... BM | A 1.9| 39.2] 50.0 }Bownocker and
ing Township, Rosemary 1 mine. ) - N 40.0 | 510 Dean (1929).

Barton, central sec. 24, Colerain Town- |-._.._._. 0O |A 3.8| 36.4| 50.8 } Do
ship, Y. and O. Coal Co. B |- 37.8 | 52.8 )

6 miles northwest of Barnesville, NWY | E-34224 | G8 | A 3.4| 38.8| 48.8 -] (Analyses by
sec. 36, Warren Township, Wells ) - 2 40.2 | 50.5 U.S8. Bureau
Coal Co. strip mine. C  |emmoa- 4.3 | 55.7 of Mines.)

Three - quarters mile southwest of | E-34226 | GS | A 2.5 41.2 | 459
Barnesville, NW14 sec. 20, Warren B |eeoeaen 42,3 | 47.0 Do.
Township, H. E. Tickhill Coal Co. C  |eeeeee- 47.3 | 52.7
Black Diamond mine.

Barton, Colerain Township, Barton | B31915 | T A 3.0 | 41.6 | 46.9 | 85| 4.4 | oo |omcefomom o] 13,040 {] Fieldner,
mine. B |- 42,91 48.4 | 8.7 46 |ooeoooo|omoi oo rcce e feeeeeee 13, 450 'I;alulylor,a%%g)

others .

East-central sec. 7, Pultney Township, c3160 [ T A 2.5 4.1 45.4 | 9.0 5.7 5.3170.5 12| 83 [comec]acmaaan 13, 060 } Do
Godaway mine, B feeeaee- 44,2 46.6 | 9.2 59 511723 1.2 6.3 [ccccacfacoaaat | 13,390 -

SW3{ sec. 36, Pultney Township, B13353 | T A 2.9( 4.0 4.3 | 98| 4.3 |cccoceoloecaan JERSSEGREIR PRSI (RSP P 12,890 } Do
Schick mine. B feeeeooe 42,2 | 47.7 10,1 ] 4.5 [commoos]eo e |e e [ 13,270 .

Blaine, SW¥{ sec. 16, Colerain Town- C3105 | T A 2.5 41,9 | 47.4 | 82| 4.9 |ccocoacfecrcacfummccna]| e e eeeaees 13,180 } Do
ship, Lorain Coal and Dock Coal B |- 43.0 | 48.6 | 84| 5.0 |cccmcoc]ocmmaalocmcmcc]comecc e ammmnee 13, 510 .

Co., Blaine 21 mine,

Crescent, SE¥{ sec. 25, Colerain Town- B66824 | T A 41| 39.7| 4.7 | 9.5| 4.3 521 69.5 131102 -1 12,710 } Do.
ship, Lois strip mine. B |- 41,4 | 48.7| 99| 45 50| 72.5 1.3] 6.8 [cocacc]oceaaan 13, 250 .

Fairpoint, SEY4 sec. 13, Wheeling C2837 | T A 3.6 | 37.9| 46.2 | 12.3| 3.7 52| 67.7 L2 99 |cacao oo 12,370 () Fieldner, Taylor,
Township, Hanna Coal Co. Brad- ) - N P 39.3| 48.0 127 | 3.9 50| 70.2 L2 7.0 [comoacfooooeaan 12,830 and others
ford mine. : (1952).

NWI4 sec. 25, Wheeling Township, B32608 | T A 3.4 40.5| 480 81 8.8 [caccoocfomaco]accmmea|mccc o e ee 13,070 } Do.

Camel Run Mine 2. B e 42,0 | 49.6 [ 8.4 | 3.9 |cccacoo|ommmac]omemcc]ocaafeeeen 3
Flushing, Rice Brothers 1 mine_______. C2907 | T A 4.4 | 37.6 | 46.3 | 11.7| 4.7 521671 L2101 |ocoeofeeeee 12,290 } Do
B |eeaas 39.4 | 48.3 (123 | 49 4.9 1 70.2 L2 6.5 |ccaacfomamaas 12, 850 y

Laferty, SW3{ sec. 11, Union Town- B13864 | T A 3.0 | 40.8 | 47.4 ) 8.8 | 4.5 |ccmeoo|aoam e e em 13, 030 } Do
ship, Hanna Coal Co. Laferty 6 mine. ) Z 421 48.8| 91| 4.6 |ccocacc]ammmanc]ocmannn 13,440 .

Laferty, SWI{ sec, 6, Union Township, | B13352 | T A 43| 38.7| 47.2| 9.8 40 |ooe | omemcoc|cmene e 12,630 } Do.
Virginian 44 mine. B |-l 40.4 | 49.4 1 10.2 | 4.2 [cooooon|mmoofmmm e 13,190 N

Martins Ferry, NWY sec. 19., Pease C2522 | T A 2.4 40.9| 48.1 86| 50 5.4 | 7.7 L3 | 80 o feaeeeas 13,180 } Do
Township, Funari mine. ) - J P 41.8 ] 49.4 | 88| 5.1 52| 73.5 L4} 6.0 3 .

Fishpot coal bed
8W{ sec. 32, Mead Township, bed of |-......... (o] A 2.5{ 40.8| 40.9 | 15.7| 5.0 jocecac|oceacc|-- RO SO 2.0 | 6,522 | 11,739 }Bownocker and
Wegee Creek. B el 41,9 | 420 | 16.1 [ )| ccaefmm e[l Dean (1929).
Sewickley (Meigs Creek) coal bed

NEY sec. 13, Flushing Township, 4064 | GS | A 46| 33.8| 526 | 9.0 2.2 |neeou]ocooms]ommmmnc]omaea | 2 I Fieldner, Camp-
White mine. B |eeee-. 355 55.0 | 9.5 2.8 | o ofooooaifommcao]ommoaa]oeees - - ?fg%?nd others

East-central sec. 26, Flushing Town- 3|0 A 50| 33.3| 48.9]12.8| 2.4 5.0 | 66.3 1.2112.3 {a._... 6,650 | 11,970 } Do
ship, Flushing Coal Co. mine. B |eeeee- 35.1| 51.4)|13.5| 2.5 4.6 | 69.8 13| 838 -caa. , 000 3 '

SEY{ sec. 31, Goshen Township, Stat- 0|0 |A 34| 3.7 460|149 44| 49/648 | 11| 99| . 6,578 | 11,840 } Do
ler mine. B |- 37.0 | 47.5 | 155 4.5 4.6 67.1 L1 7.2 [ccaao. 6,811 | 12,260 )

8W}4 sec. 24, Goshen Township, Bad- 4053 | GS | A 4.2 36.4| 47.9 | 1L5 | 8.2 |ccomoo]omooo|ommmoca]mmmaefamceee e mmmame | mmmm e } Do
gertown mine. B - 38.0 | 50.0 | 120 | 3.8 [cccooo|immoofemmme e cmcc oo e )

South-central sec. 27, Pease Township, |-.coooo... (] A 4.7 36.2| 43.0|16.2 | 3.1 4.7 62.6 1.3|12.1] 1.9 6,265 11,278 }Bownocker and
Kanaha mine. B | 38.0 | 45.1|17.0| 3.3 4.4 | 65.7 13| 83 (oo 6,571 | 11,828 Dean (1929).

Central sec. 28, Pultney Township, |..___..____ 0 A 3.9| 3.8 44.0(13.3 | 2.7 |ccoceifomccac]emanaes 1.9 | 6,643 | 11,958 } Do
local mine. B |aaaos 40.4 | 45.7 | 13.9 | 2.8 [ecceoni)oceilamaaaas 6,911 , 44 *

NW1{ sec. 30, Pultney Township, |.......... (o] A 41| 39.6{ 42.5113.8( 3.4 50 |656 1L.211L0}| 18| 6,58 | 11,852 } Do
Ward mine. B . 41.3 | 44.3 | 14.4 | 3.5 4.8 | 68.4 L3| 7.6 |..._._ 6,868 | 12,363 -

SE}{ sec. 32, Richland Township, [.__._____. 0 A 47| 39.9 | 43.3 (122 8.4 |cceaoofomccoo|ocmamca]ommaa]eaeees 6,672 | 12,010 } Do
Dyrdek mine. B | 41.8 | 45.4 | 12.8 | 3.5 | ... |oeea- JO MO MO 6,999 | 12,598 .
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Strip mining, or the digging of coal after first removing
the cover of rock or overburden, is not a new develop-
ment. Some of the first coal mined in the county
was obtained by such methods, but the size of earth-
moving equipment in existence before World War II
limited strip mining to small-scale operations. De-
velopment of large power shovels with bucket capacities
as great as 50 cubic yards has made possible the eco-

nomic removal of much thicker overburden.

Some coal operators use horizontal power augers
to remove additional coal after some of the coal has
been removed by stripping. Augers seen in operation
penetrate about 100 feet horizontally into the coal

COAL PRODUCTION

Although coal mining probably began in 1804,
production figures are not available prior to 1816.
Yearly production figures from 1816 through 1952 are

listed in table 12.

TaBLE 12.—Coal production, i}z gons, in Belmont County, 1816 to
9

[Souroes of production figures: 1816-77, Eavenson (1942); 1878-1913, Ohio Div. Mines;
914-29, Ohio Indus. Comm 1929-53, Ohio Div. Labor Statistics]

Total

Underground

Strip

140 000

TasLe 12.—Coal productwn, in tons, in Belmont County, 1816 to

1963—Continued

Year

Total Underground

138, 000
135, 000
133, 000
130, 000
128, 000 |-
125, 000
122, 000
119, 000
115, 870
90, 972

69, 626

97, 000
123, 900
120, 000
116, 776
115, 571
164, 158
213, 955
199, 834
274, 720
385, 000
420, 000
452, 754
500, 000
500, 000
576, 326
643, 129
744, 446
533, 779
721, 767

1, 108, 106
814, 699
827, 568

1, 259, 570
1, 249, 423
1, 277, 540
1, 193, 329
963, 367
1,082, 964
905, 378

1, 168, 567
1, 259, 520
1, 595, 369
1, 544, 832
2, 058, 066
2, 612, 025
3, 283, 189
3, 871, 846
4, 467, 295
6, 355, 582
5 591, 719
5,993, 418
8, 336, 428
8, 040, 333
9, 316, 850
10, 454, 795
2, 624, 023
4, 403, 754
10, 553, 088
11, 156, 626
12, 030, 431
9,999, 648
10, 953, 668
11, 634, 028
6, 802, 199
13, 295, 035
10, 022, 265
9, 263, 176
9, 128, 799
3, 694, 788
3, 815, 155
7,187, 338
6, 919, 036
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TABLE 12.—Coal production, in tons, in Belmont County, 1816 to
1953—Continued

Year Total Underground Strip
6,702,362 | |,
3,862,001 |_________ | ________
5,933,491 |___ | __
6,056,803 | |
5,782,459 || _____
6,887,004 |- oo
7,786,096 |- _ | ..
5,565,993 |- __ | __
4, 953, 697 4, 884, 353 69, 344
5, 362, 533 5,362,533 |ooc oo
8, 209, 536 8, 135, 530 74, 006
8, 860, 706 8, 552, 671 308, 035
8, 739, 167 8,291, 140 448, 027
8, 303, 187 7,797, 717 505, 470
7, 994, 882 6, 860, 426 1, 134, 456
7, 953, 868 6, 739, 887 1, 213, 981
9, 242 973 7, 550, 731 1, 692, 242
8, 744, 582 7,130, 802 1, 613, 780
6, 435, 371 5, 405, 995 1,029, 376
8, 331, 998 6, 343, 185 1, 988, 813
9, 708, 811 7, 498, 892 2,209, 919
8, 730, 192 6, 412, 193 2,317, 999

Total..__| 399,178, 668 | 384, 573,220 | 14, 605, 448

Tonnages before 1859 must be classified as approxi-
mate because no official State production records were
kept before that time. Between 1859 and 1885 official
records were published by the State, but the agency
charged with compiling the records was changed from
year to year and, therefore, these tonnage figures are
probably inaccurate. Production from 1816 through
1885 was probably greater than is indicated. The
official records do not contain production from all the
many small domestic mines, and for this reason recorded
production is slightly less than actual production.

Reported coal production during the period from
1816 to 1953 is 399,178,668 tons. This total includes
386,548,799 tons from the Pittsburgh bed and 12,529,869
tons from the Sewickley bed. Production from these
two beds was combined prior to 1945. Since 1945,
production from the Sewickley bed has totaled 7,529,869
tons. Production from the Sewickley bed prior to 1945
is estimated to have been 5 million tons. In 1950
Belmont County ranked 18th among 382 coal-produc-
ing counties in the United States and produced more
coal that year than 22 of the 31 coal-producing States.

Underground mining has accounted for 96 percent of
the coal produced to the present time. Strip-mine
production, however, constituted 33 percent of total
production in 1952.

LIMESTONE

Limestone is abundant in Belmont County, but most
of the beds are too impure to be used as sources of high-
grade calcium carbonate. In general, limestone beds
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in the upper part of the Pennsylvanian and in the
Permian rocks have relatively high contents of silica,
alumina, magnesium, and iron. Only 3 of the 20
named limestone units have been quarried commer-
cially, and these are used mainly for road surfacing and
agricultural lime. These are the Upper Pittsburgh
member of the Conemaugh formation, the Fishpot
member of the Monongahela formation, and the lower
tongue of the Middle Washington member of the
Dunkard group. Limestone of the Fishpot member
from a quarry near Barnesville was once used for making
natural rock cement, but the magnesium content of the
Fishpot, as well as that of the other limestone beds, is
too high for use in making Portland cement.. The
Fishpot is the most important limestone in the county
because of its uniform thickness and comparatively
good quality. The lower tongue of the Middle Wash-
ington limestone member has a higher carbonate content
than the Fishpot, but its thickness is highly variable.
The Fishpot limestone member is quarried in sec. 31,
Somerset Township, and sec. 24, Wayne Township; the
lower tongue of the Middle Washington limestone
member is quarried in sec. 32, Pease Township.

Although the Lower Pittsburgh member of the
Conemaugh formation and the Redstone lhmestone
member of the Monongahela formation have not been
quarried in the past, they are suitable for use as road-
surfacing material and as agricultural lime. The Ben-
wood limestone member of the Monongahela formation
is the thickest limestone in the county but is too impure
to be used even as a source of agricultural lime.

Descriptions and analyses of the limestones are given
in the discussions of the individual members in the
section on stratigraphy.

SANDSTONE

Most of the sandstones in Belmont County are too
irregularly bedded and too friable to be classed as good
building stones. An exception is the Bellaire sand-
stone member of the Conemaugh formation, which was
quarried along McMahon Creek for use in the railroad
bridge at Bellaire. No sandstone quarries are in oper-
ation in the county at the present time.

SHALE AND MUDSTONE

Shale, which varies from hard and fissile to soft and
clayey, occurs throughout the county. Most is not
thick or persistent enough, however, to be used commer-
cially in the ceramic industry. The only shale quarry
in Belmont County is at McClainsville on McMahon
Creek. Here the soft clayey shale beneath the Bellaire
sandstone is being used for making common brick.
Plate 3, section 1, was measured at this quarry. Some
of the red mudstone in the Conemaugh formation and
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